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PREFACE  TO  THE    EIGHTH    EDITION. 


It  is  with  no  little  gratification  that  Dr.  Rockwell  is  permitted 
to  offer  to  the  profession  the  eighth  revised  edition  of  this  work. 
By  the  death  of  Dr.  Beard  ten  j-ears  ago,  the  responsibility  of  the 
various  revisions  since  the  second  edition  has  devolved  upon  the 
present  reviser,  and  it  is  an  encouraging  feature  that  each  succes- 
sive edition  has  been  exhausted  more  rapidly  than  its  predecessor. 

The  changes  and  additions  in  this  eighth  edition  have  been  more 
extensive  and  more  time  and  toil  expended  in  its  thorough  revision 
than  in  any  other  edition  since  the  .second,  and  the  work  as  it  now 
stands,  represents  our  accumulated  and  thoroughly  sifted  experi- 
ence, from  our  entrance  upon  this  speciality.  Aside,  therefore, 
from  that  considerable  portion,  original  with  the  authors  and  pecu- 
liar to  this  work,  it  comprehends,  it  is  believed,  all  else  of  real 
value  pertaining  to  the  subject.  The  chapters  upon  Diseases  of 
Women,  Electrical  Apparatus  and  Static  Electricity  have  been 
largely  recast,  additions  made  to  the  chapter  on  Electro-Diagno- 
sis, and  many  new  and  improved  illustrations,  representing  practi- 
cal and  important  methods  of  application,  supply  the  places  of  the 
old  ones. 

Considerable  material  that  has  served  its  purpose,  and  is  no 
longer  of  value,has  been  omitted  and  besides  many  minor  changes 
and  additions  too  numerniis  to  nieiilion,  two  new  chapters  have 
been  inserted,  without  materially  if  at  all  increasing  the  size  of  the 
book.  One  of  these  chapters  on  the  Dosage  of  Electricity  is  a 
subject  of  the  greatest  practical  importance,  ami  its  consideration 
is  commended  to  those  who  are  beginning  the  study  of  electro- 
therapeutics. Now  that  electricity  has  become  popular  in  medi- 
cine, there  is,  in  some  quarters,  a  temptation  to  overdo  the  appli- 
cation, not  only  in  strength  but  in  length  and  frequency:  to  treat 
■11  cases  alike,  by  routine,  mechanical  applications,  regardless 
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either  of  the  disease  or  the  idiosyncrasies  or  the  patient;  hence,  in 
cases  not  a  few,  come  resells  citlier  negative  or  temporarily  in- 
jurious, with  disappointment  on  all  sides.  The  dosage  of  elec- 
tricity is  a  special  study.  Tlie  difference  in  result  between  a  very 
gentle  and  short  application,  and  a  very  strung  and  protracted 
one  lieing.  in  stime  Cases,  all  the  differunce  between  agreeable 
success  and  painful  failure. 

Then;  are  persons  who  must  be  treated  not  only  mildly,  bat 
at  long-  intcr\-als,  and  there  arc  persons,  with  perhaps  the  same 
maladies,  that  can  bear  vith  advantage  powerful  and  frequent  ap- 
plications; to  distinguish  between  these  classes,  and  the  various 
gradations  that  lie  between  the  extremes  of  tolerance  and  of  sus- 
ceptibility is  the  first  duty,  and  oftentimes  the  hardest  study  of 
him  who  makes  much  use  of  electricity  in  medicine.  The  author 
would  call  especial  attention  to  the  nev-  chanter  on  the  Physical 
and  Physiological  Activities  of  tlie  Induced  Current,  etc.  There 
is  no  more  interesting  study  in  electro-therapeutics  than  the  differ- 
ential indications  for  the  \isc  of  the  induction  currents  of  quantity 
and  tension,  and  in  this  chapter  the  subject  is  discussed  to  the 
measure  of  our  present  experience. 

No  one  who  has  not  had  personal  experience  along  this  line,  or 
witnessed  practical  demotuit  nit  ions  of  (he  phvMcal  and  therapeuti- 
cal efiects  of  the  various  currents  of  quantity  and  tension,  as  dis- 
cussed in  the  chapter  referred  to,  can  form  any  idea  of  the  aston- 
ishing difference  observed  in  their  action  on  nerve  and  muscle. 

The  position  of  electricity  in  the  front  rank  of  sedatives  and 
tonics,  and  the  pre-eminent  value  uf  the  mcthtHls  of  general  faradi- 
zation and  central  galvanization,  as  means  of  obtaining  the  full 
measure  of  these  effects  (claims  in  regard  to  which  the  authors  uf 
this  work  once  stootl  alone)  have  now  been  so  long  confirmed  by 
expert  observation  in  this  country  and  in  Germany  that  extensive 
demonstrations  of  these  propositions  by  cases  is  less  needed  than 
formerly.  And  yet  it  must  be  said  that  the  tendency,  even  at  this 
late  date,  among  those  who  make  use  of  electricity,  is  to  rest  sat- 
isfied with  partial  and  incomplete  methods  of  application  and  to 
give  little  heed  to  the  subject  of  current  differentiation.  If  there 
are  any  who  object  to  the  size  of  the  work,  who  beck  (or  short  and 
ready  methods  to  the  science  and  art  of  electro- therapeutics,  who 
despise  and  deride  the  jihysical  and  physiological  relations  of  elec* 
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tricity,  and  who  suppose  that  he  who  has  held  two  sponges  on  a 
patient,  has  compassed  the  whole  of  electrology,  we  can  only  reply 
that  it  is  not  for  such  that  this  book  was  written,  and  we  hope  that 
nothing  we  may  write,  will  encourage  the  increase  of  physicians  of 
that  character.  The  ideal  of  every  electro- therapeutist,  certainly 
of  every  one  who  gives  the  subject  special  attention,  should  be  to 
become  an  electrologist — that  is  to  be  a  master  of  electricity,  in  its 
physical  and  physiological,  as  well  as  its  purely  diagnostic  and 
therapeutic  relations;  for  all  such  this  edition  is  designed  to  be  a 
work  of  exhaustive  reference. 

Those,  however,  whose  aims  are  lower,  will  here  find  the  purely 
practical  and  clinical  department  clearly  presented  by  a  large 
variety  of  illustrations  of  the  various  methods  of  application,  and 
by  details  of  more  than  two  hundred  cases,  including  every  type 
of  medical  and  surgical  disease,  for  which  electricity,  by  any 
method  of  application,  has  been  used  with  any  encouraging  result. 

A.   D.    ROCKWELL. 
H3  West  34th  St, 
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The  object  of  this  work  is  to  present,  In  a  compact,  practtral  form, 
all  that  is  now  known  on  tJie  application  of  electricity  to  the  Ireatinenl 
of  disease.  The  aim  of  the  authors  has  been  to  combine  their  ovra 
extensive  and  varied  researches  with  localized  and  general  electriia* 
Hon,  and  the  labors  of  all  other  recent  explorers  in  cicctio-thcrapeurics, 
in  a  summary  which  should  be  at  oiice  practical  and  exhaustive,  and 
which  should  represent  with  strict  iinpartiality  all  diat  has  been  really 
accompliiihed  in  this  de|Kirtnient  by  every  school,  in  every  country,  and 
by  all  methods. 

For  tliis  undertaking  the  authors  have  been  preinred  by  an  experi- 
ence acquired  in  more  than  10,000  applications  of  electricity  in  a  wide 
variety  of  morbid  conditions,  and  by  personal  observation  of  the 
methods  and  the  results  of  the  recognized  leaders  in'this  important 
field  of  science. 

For  convenience  of  reference,  and  in  order  to  avoid  repetition  and 
confnston,  the  work  is  divided  into  Electro-Physia.,  Electro- Physiology^ 
EUttro-Therapftilits,  and  EUctri^Surgery.  It  is  believed  that  iiy  this 
arrangeiucnc  the  work  will  be  more  acceptable  both  to  the  majority 
who  seek  to  consult  the  distinctively  practical  portions  and  to  the  few 
who  may  desire  also  to  investigate  the  subject  cf  electiidty  in  its 
physical  and  physiological  relations. 

General  electrization,  which  the  authors  avcrc  the  first  In  the  profes- 
sion TO  systematically  investigate,  is  here,  for  the  first  time,  described 
and  illustrated  in  systematic  detail  of  its  modus  Ojierandi  ami  its  very 
remarkable  effects  in  condiriuns  of  debility. 

Tlie  general  differential  indications  for  the  use  of  the  iwo  air- 
rents  and  for  the  use  of  localized  and  general  applications,  wc  have 
sought  to  distinguish  and  elucidate  by  logical  deductions  from  the 
known  principles  of  clcctro-lherapeutics,  and,  above  all,  fron  extend- 
ed experimental  comparison.  The  knowledge  of  electro- therapeutical 
anatomy,  which  is  so  essential  for  an  intelligent  electro -diagnosis  in 
therapeutics,  wc  have  endeavored  to  facilitate  by  concise  and  explicit 
illusiraiions.  The  dran'ings  for  illustrations  of  the  diffeient  lucthodi 
of  electrization  were  made  from  photographs  taken  during  ihe  applica- 
tions 
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In  the  selection  and  detailed  description  of  apparatus,  both  the  tsstet 
of  the  specialist  and  the  imperative  needs  of  the  general  practiiionet 
hare  been  consianily  borne  in  mind  ;  and  while  nearly  all  the  most  im- 
proved rorms  o(  machines  for  both  currents  have  received  notice, 
mirnte  description  and  illiistnttion  have  been  reserved  only  for  those 
that  ex]>erience  has  shown  unite  in  the  highest  degree  the  qualities  of 
convenience  and  coinjiactness,  with  accessibility  and  uitiformity  of  ac- 
tion. When  we  began  our  experiments  in  this  department,  there  was 
in  this  country  no  satisfactory  appaiAtus  either  for  the  faradic  or  the 
galvanic  current,  and  for  this  reason  our  early  observations  were  made 
under  exceeding  disadvantages. 

The  difficulty  has  for  a  number  of  years  been  partly  met  by  the 
dectroniagnetic  apparatus  of  Kidder,  which,  for  all  the  essential  qual- 
ities required,  is  as  yet  unsurpassed.  We  early  became  convinced  that 
scientific  clcctro-therapcutics  required  also  a  galvanic  apparatus  which 
should  be  at  least  more  compact  and  more  portable  than  those  which 
had  been  usually  employed,  and  diat  to  be  forced  to  depend  on  appa- 
ratus of  foreign  conslructton  would  both  retard  the  piogress  and  prac- 
tically prohibk  the  popularixation  of  electro-therapeutics.  Amid  many 
discouragements  which  only  those  who  have  pursued  similar  investiga- 
tions can  well  appreciate,  we  have  striven  to  overcome  this  serious  evil 
and  to  pre]>are  a  galvanic  apjiarains  which  should  be  both  simple  and 
enduring,  and  which  cotihl  be  used  at  the  bedside  as  well  as  in  the 
hospital  or  consul  ting- room.  Through  the  skill  and  intelligence  of  the 
mechanician  above-mentioned,  we  are  now  able  to  present  an  appa- 
ratus for  llic  galvanic  current  which,  if  not  on  the  one  hand  so  com- 
pact, or  on  tbc  other  so  elaborate  as  others  to  which  we  have  called 
attention,  is  yet,  in  the  wide  variety  of  siic  and  shape  of  which  it  is 
capable,  !n  the  simplicity  of  its  construction,  and  the  case  of  its  man 
agcment,  perhaps  even  better  fitted  to  siipply  the  general  want. 

EledrO'Sttrgery,  though  a  young  and  as  yet  but  little  developed 
branch  of  electro- therapeutics,  is  yet  of  such  intrinsic  importance  and 
tntcru'tit,  and  so  fruitrul  in  promise  for  the  future,  thai  it  has  been 
deemed  worthy  of  separate  and  special  consideration. 

In  the  preparation  of  the  detailed  and  statistical  reports  of  cases,  we 
have  sought  to  give  a  picture  tliat  shall  be  so  accurate,  and  so  true  to 
experience,  that  it  may  be  unfailingly  recognized  by  all  chose  who  pur* 
sue  a  similar  line  of  experiment.  'ITie  somewhat  deserved  reproach 
■gainst  electro- therapeutists,  that  they  publish  only  their  most  fortunate 
results,  we  have  endeavored  to  avert  by  giving  prominence  to  failure! 
as  well  as  to  successes;  by  noting  Fc:1ai>ses  as  well  as  pennaneot  re 
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coverics.  We  have  been  not  unmiT^ful  of  the  fact  thai  statistical  re 
ports  of  the  results  of  any  niethot]  of  tieatment,  howuvcr  conscieiv 
Hously  prepared,  must  be  at  best  inccinplcte,  and  to  a  certain  extent 
Illusory.  Tber3i>eutics  is  alwrays  a  subject  of  vast  com  plica  lions.  It 
k  probable  lliat  in  some  of  the  cases  reported  as  absolute  or  approid* 
mate  recoveries,  nature  and  time,  and  in  a  few  instances,  perhaps, 
other  medicinal  or  hygienic  treatment  bore  as  large  a  sliurc  as  the  ap- 
plications  themselves.  We  have,  however,  endeavored  to  make  all 
proper  allowances  for  the  influence  of  these  various  factors ;  and  in 
the  few  exceptional  cases  where  medicinal  has  been  combined  with 
eleclTKal  treatment,  the  fact  has  been  mentioned,  and  cases  of  posi- 
tive doubt  have  been  excluded  from  consideration.  For  the  study  of 
the  special  effects  of  electrical  treatment,  when  used  alone,  we  have 
bbeen  peculiarly  fortunate,  since  the  vast  majority  of  our  cases  had 
ftbandoned  medication  before  they  were  referred  to  our  care.  On  the 
other  liand,  it  Is  indisputably  true  that  some  of  the  cases  reported  as 
■beolute  bihircs,  or  as  but  slightly  benefited,  were  kept  from  perfect 
recovery  by  the  indulgence  of  evil  habits  of  hygiene  ;  and  it  is  ftilly 
probable  ttiat  some  of  them,  as  well  as  of  tiiose  reported  as  unknowrn, 
appreciated  the  after  results  of  tlie  treatment  and  went  on  to  recovery. 
Still  further,  it  is  in  every  way  probable  that  some  of  the  failures  might, 
rby  greater  perseverance  on  the  part  of  the  patients,  have  been  trana* 
(bnaed  into  perfect  successes. 

It  is  believed  that  these  various  errors  to  a  certain  extent  counter. 

balance  each  other,  and  that  on  the  whole  our  statistical  reports  fairly 

represent,  so  far  as  they  go,  the  legitimate  results  of  tlie  electrical 

treatment     And  yet  it  should  be  considered   that  the  majority  of  thq 

,  cases  represented  in   our  statistics  were  both  Tong-stantling  and  pccti- 

|liarly  obstinate,  and  there  is  ground  for  tlie  belief  that  those  who  treat 

linilder  and  more  recent  cases  by  the  same  methods,  will  obtain  a  larger 

percentage  of  success. 

it  will  be  observed  that  throughout  the  work  these  leading  ideas  are 
kept  constantly  in  the  foreground  as  the  foundation  principles  on  which 
most  rest  the  science  of  electro  therapeutics: — 

1.  That  electrization,  besides  being  merely  a  local  stimulant,  also 
exercises  an  influence  over  general  and  local  nutrition,  at  once  unique 
and  unrivalledi  and  that  entitles  it  to  the  highest  rank  among  constitu- 
donal  tonics. 

2.  Tliat  the  accepted  system  of  making  (he  applications  exclusively 
local  is  both  illogical  and  inconsistent ;  that  in  the  use  of  electricity, 
as  of  every  other  remedy,  constitutional  diseases  should  be  treated 
Gonstilutionally. 
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3.  That  the  best  method  of  bringing  the  whole  system  uodei  Uie 
direct  influence  of  tlie  current  is  by  general  electrization  as  here  de- 
scribed ;  and  tliat  by  the  use  of  this  mcihod  the  success  of  electro- 
theraiKuiics  is  inatcri.illy  enhaiicetl,  and  its  sphere  very  greatly  widened, 
80  as  to  include  a  variety  of  frequent  and  distressing  constitutional 
murliitl  conditions,  for  which  merely  localized  electrization  is  but  im- 
perfectly indicated- 

4.  That,  in  determining  the  influence  of  the  electrical  applications 
on  conditions  of  disease  the  last  appeal  o)U:>t  be  made,  not  to  physica 
Dor  to  pliyslology,  nor  to  pathology,  nor  to  any  d/rhrt  reasoning  what- 
ever, but  solely  and  alone  to  clinical  cxjicrience. 

To  those  who  adhere  to  the  long-accepted  theory  that  electricity  is 
merely  a  means  for  local  stimulation,  and,  as  such,  chielly  indicated  in 
the  severe  or  incurable  conditions  of  paralysis  or  chronic  rhcuinatisni, 
OT  who  hope  to  reduce  electro-therapeutics  to  an  exact  science  on  the 
basis  of  a  complete  physiology  and  pathology,  the  above  propoaitions 
must  seem  both  radical  and  erroneous,  and  especially  so  if  they  have 
studied  the  action  of  electricity  on  tlic  butiy  mcicly  by  localized  appli- 
cations. 

Therefore  with  all  the  greater  interest  and  pleasure  have  we  ob- 
served tliat,  during  the  last  few  yeartj  there  has  been  in  electro-thera- 
peutical literature  a  manifest  and  increasing  tendency  to  abandon  the 
narrow  duclrincs  of  merely  local  sliinulalion,  to  accept  the  fact  which 
experience  everywhere  confirms,  tliat  in  electricity  we  have  an  unsur- 
passed means  of  Improving  the  general  nutrition  In  the  itnineiise  va- 
riety of  chronic  morbid  conditions  where  such  results  ate  diicily  Indi- 
cated ;  and  we  express  the  confident  hope  that  the  abundant  and  varied 
evidence  wiih  which  In  the  present  work  we  ha%'e  been  enabled  to  for- 
tify these  propositions,  increased  and  enriched  as  it  may  be  by  the  ex- 
perience of  the  future,  and  harmonizing  as  it  surely  must  with  the  gen- 
eral progress  of  science,  will  materially  aid  tn  bringing  nearer  the  day 
of  their  universal  acceptance. 

Although  this  work  is  not  intended  to  be  in  any  sense  a  complete 
guide  to  the  study  of  chronic  diseases  of  the  nervous  system,  yet  some 
general  remarks  on  the  nature,  causation,  and  the  diagnosis  of  the 
principal  of  these  diseases  have  been  deemed  both  appropriate  and 
Oecessary,  for  the  twofold  reason  that  such  knowledge  is  necessary  fot 
an  intelligent  appreciation  of  the  directions  for  the  ircaiinent,  and  also 
because  very  many  of  the  diseases  here  mentioned — sudi  as  nervous 
dyspepsia,  spinal  irritation,  neurasthenia,  hypochondriasis,  insomnia, 
locomolor  ataxy,  nniscuUr  atrophy,  spinal  ami  infantile  paralysis,  as 
well  as  some  of  the  varieties  of  neurali*i-i — hu"e  nm  ri,'ceiv',i[  m  any  one 
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popular  text-book  the  pmcticl^  attention  which  their  vast  importance 
in  clcctro-thcMpeutics  requires.    ^ 

Scieiiiiuc  ek  ctro- til  era  jicu  tics  requires  scientific  diagnosis.  He  who 
only  knows  how  to  apply  electricity  is  not  fit  to  do  even  that.  Suc- 
cessful results  in  electrothemiKuitcs  can  be  and  are  obtained  by  tlir 
most  ignurant  of  charlatans,  but  to  intelligently  report  dicsc  succcssei 
or  make  thcni  of  value  to  sctvuce  requires  tiie  best  skill  of  tlie  pliysi 
ciaii.  Alcre  hand-books  of  electrical  applications  cannot  be  othemse 
than  Injurious  to  science.  Other  conditions  being  the  same,  the  value 
of  reports  of  cases  in  electro -thcirapcu tics  is  in  direct  proportion  to  the 
accuracy  and  completeness  of  the  diagnosis.  For  this  Ecason  it  is  that 
electro  thera]>eiil)cs  is  the  most  exacting  and  laborious  of  all  Uic 
special  dcjiartnients,  for  in  a  certain  sense  it  trenches  on  and  necessi- 
lAles  a  knowledge  of  alt  olhvt  dofiartiiicnls. 

In  the  strict  sense  of  the  word,  therefore,  the  electro -therapeutist  is 
uo  specialist,  since  his  ideal— which  of  course  he  can  but  imperfectly 
(iilfil — must  be  to  know  something  of  every  department  with  wbicli 
electro  therajMutics  brings  him  into  relation.  His  ambition,  like  llial 
of  Bacon,  must  be  •'  to  make  all  knowledge  his  province." 

Besides  a  thorough  familiarity  with  the  department  of  nervous  dis- 
eases, and  especially  widi  tJie  recent  methods  of  studying  them  by  ihf. 
lesthcsiometer,  the  ophthalmoscope,  and  by  electricity,  ic  is  necessary 
for  the  cIcctro-Uierapeutist  to  avail  hintself  of  all  the  advances  tliat  are 
made  in  the  special  dejKirlments  of  gyn;ccology,  oiihthalmology,  otol- 
ogy, laryngology,  and  dcnnatolog>-,  as  well  as  general  medicine  and 
surgery. 

in  respect  Co  diagnosis  we  have  ourselves  been  exceptionally  fa- 
vored, since  the  majority  of  our  cases  liav^l^btaincd  the  opinion  of  one 
or  more  acknowledged  authorities  in  their  respective  departments. 

That  all  the  special  views  on  the  nature  and  treatment  of  the  dis- 
eases here  mentioned  should  meet  with  universal  acceptance,  is  more 
tian  can  be  expected.  Kvcrywhcrc  we  tread  on  debatable  ground. 
In  regard  to  ilie  nature,  die  causation,  the  symptoms,  the  general  treat- 
ment, the  divisions  and  the  lenninology  of  diseases,  the  choice  of  cur- 
rents, the  methods  of  applications,  the  relative  lueriu  of  rival  apiia- 
ratus, — in  these  and  in  many  other  subjects  there  is  room  for  the 
widest  |)05sible  divergence  of  honest  opinion  among  those  whose  abili- 
ties and  opportunities  entitle  their  opinions  to  the  tiighest  respect 
On  all  these  controverted  themes  we  present  nothing  as  a  ftjialiiy,  noth- 
ing  which  we  shall  not  readily  modify  in  llie  light  of  sullicient  inductive 
R\idvacc. 
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CHAPTER  I. 


«  KNOWI-EDCE  OF  TKI  PRINCIPLES  OF  ELECTRO-PHYSICS  NEL1S5ART 
TO  THE  ELECTRO-THERAPEUTIST — DEFINITION  OF  ELECTRICTTV — 
UACNETISM. 


Eleetro-physUt  is  tht  science  whuh  treats  of  eleetrieity  in  itr/Aysfeal 
relationt. 

No  one  can  be  a.  master  in  electro-therapeutic  s  ivithout  also  being  a 
laster  in  electro-physics.  Hence  it  becomes  nccessarj-,  in  a  systema- 
tic treatise  on  clcciro-thcrapcutics,  to  present  the  Icading'principles  of 
electit^ physics,  and  lo  point  out  their  practical  bearin^js  both  on 
electro-physiology  and  electro- therapeutics.  'ITiis  necessity  is  all  the 
greater  because  eleciro-physica  ts  the  branch  of  electrology  that  eleciro- 
ihera|>eutists  are  most  of  all  dis)x>sed  to  neglect ;  and  ignorance  of  thJi 
depaitnient  has  retarded,  and  still  retards,  the  scientific  advance  of 
electro- therapeutics  both  medical  and  surgical.  It  is  possible  to  make 
happy  bits  in  clcctro-ihcrapeutics  without  fcnomng  an)nhing  of  electro- 
physics  or  electro-physiology;  but  on  the  average,  and  in  the  long  runt 
the  best  results  will  be  obtained  by  those  who  to  purely  practical  know 
ledge  add  a  thorough  mastery  of  the  scientific  relations  of  the  subjecL 

Whjf  discussed  in  a  Praetical  Treatise  Itke  this. — The  necessity  of  pre 
senting  the  leading  principles  of  electro- phj-sics  in  a  practical  treatise 
like  this  is  the  more  imperative  from  the  fact  that,  until  quite  recently 
at  least,  all,  or  nearly  all,  the  text-books  on  physics  in  use  in  schools 
and  colleges  have  failed  to  represent  the  advanced  researches  and 
generalizations  of  modem  scientists  in  the  department  of  electricity. 
The  old  hy[»otheses,  tliat  el  sctricity  is  a  single  or  double  fluid,  still  linger 
in  our  centres  of  education,  or  yield  the  ground  but  slowly ;  and  cveti  in 
those  works  that  are  fully  up  to  tlie  times  on  this  subject,  the  spedal 
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uid  practical  bearings  of  electro  physical  principles  oo  eleclio-phys. 
iology  and  electro- ihc;rapeutics  are  of  course  not  consiilered. 

To  Ihi^i  should  be  adiled  tlie  consideration  that  any  science,  howevei 
well  acquired,  if  it  be  not  kept  before  the  mind  by  teaching  or  writing, 
or  by  practical  application,  soon  fades  from  the  memory,  or  becomes  a 
mass  of  half-trulhs  and  uncertainties,  Wc  arc  therefore  justified  in 
assuming  that  not  one  in  a  hundred  of  those  who  will  consult  this  book 
as  a  guide  in  electro- therapeutics  will  be  so  thoroughly  anti  accurately 
informed  on  the  principles  of  electro-physics  as  not  to  need,  on  lliii 
subject,  some  compact  treatise  which  sliall  serve  as  a  guide  and  reminder 
of  the  leading  facts  and  principles  of  the  science.  To  supply  this  need 
is  the  object  of  this  division  of  our  treatise. 


NATCRC   AND   DEFIMTION   Of    ELBCTRICtTT* 

Jileetrintjr  is  now  regardtd  as  a  force  cerrthted  to  the  other  grttH 
forcts  of  nature — heat,  light,  etc. — andy  like  them,  i>  simply  a  mode  of 
motion, — a  form  of  vibration. 

Aliliough  the  precise  nature  of  these  vibrations  have  not  yet  been 
nuthen-iattcally  demonstrated,  as  in  the  case  of  light  and  hea^  yet  the 
theory  that  the  phenomena  of  electricity  arc  the  result  of  vibrations  has 
much  in  its  favor,  and  it  is  by  no  means  impossible  that  in  the  future  the 
nature  of  these  vibrations  will  be  well  understood. 

In  the  present  treatise,  as  in  all  works  on  pliysics,  various  terms,  as 
"current,"  "flows,"  "runs,"  etc,  that  took  their  origin  when  the  fluid 
theory  prevailed,  are  retained  for  the  sake  of  convenience  of  description. 
With  this  understanding  there  is  no  objection  to  their  use. 

Electricity  is  manifested  in  thiee  general  fonns:  MagnetUM;  Siati. 
eat  or  Frietional  or  Franklinie  Kiectricity/  and  Galvanism,  or  Voltate 
or  Dynamical  Electricity. 


MAGMETISH. 

AfagHetijm.^Xn  order  to  understand  electricity  in  general  it  is  neces- 
tary  to  understand  magnetism,  which  is  one  of  its  manifestations. 
Magnetism,  defined  by  its  phenomena,  is  llie  poncr  which  eertaia  dodies 
possess  of  attracting  iron.  The  bodies  which  are  observed  to  have  this 
power  arc  called  magnets,  and  are  divided  into  two  classes — natural  and 
artifieiaL     Natural  magnets  consist  of  iron  ore  or  loadstone.     Load- 
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IfACNETISU— POLARITY  OF  UAGNETS.  J 

■tone  ins  first  discovtred  in  Magnesia,  in  Asia  Minor,  and  hence  ihe 
name  magtui  was  itcrivcfl.  The  compass  was  introduced  into  Euroiie  in 
ihc  tweirtb  century;  but  the  Chinese  are  said  to  have  been  acquainted 
iriih  it  in  the  fourth  century. 

Artijidai  magnets  are  usually  made  of  steel  that  has  been  ma^etized 
by  the  galvanic  current  or  by  other  magnets.  Steel  bars  that  have 
been  thus  magnclijied  may  be  cither  straight  or  bent.  For  convenience' 
take,  they  are  usually  bent  in  the  form  of  a  horseshoe. 

All  substances  are  more  or  less  susceptible  to  magnetic  influence,  but 
iron  is  more  alTected  by  it  than  oiliers.  Experiments  illustrative  of  the 
efTects  and  power  of  artificial  magnets  are  so  familiar  that  they  need  not 
be  cited. 

Pffiahfy  c/  Afagnets. — The  polarity  of  a  magnet  is  that  peculiar  pro- 
perty by  which  it  manifests  two  opposite  kinds  of  magnetism,  that  are 
termed,  relatively  to  each  other,  the  north  and  the  south  pole.  When  a 
magnetic  needle  is  so  suspended  that  it  can  move  unimpeded  in  any 
direction,  one  end  points  to  the  north,  and  the  other  to  the  south.  If 
the  magnet  be  disturbed  in  any  way,  and  forced  temporarily  out  of 
position,  it  at  once  and  uniformly  returns. 

Polarity  is  a  quality  that  belongs  not  only  to  magnetism,  but  also  trj 
other  forms  of  electricity,  and  to  light  and"  the  other  great  forces. 

The  poles  of  a  magnet  ore  always  at  its  ends,  for  here  the  attractive 
power  is  greatesL  This  can  be  demonstrated  by  a  very  simple  cx[)cri- 
ment  If  a  magnetic  bar  be  rolled  in  a  pile  of  iron-filings,  it  will  be 
found  that  these  adhere  to  the  bar  most  firmly  and  in  the  greatest 
quantity  at  and  near  its  poles.  The  quantity  that  adheres  is  less  as  tre 
approach  the  middle  of  the  bar. 

P/eutrai  Line, — In  long  bars  there  is  always  a  place  at  the  middle, 
<Hr  near  to  it,  where  no  filings  are  attracted.  This  space  is  variously 
termed  the  neutral  or  magnetic  zone,  or  magnetie  equator,  or  p*oini  of 
indifferentt. 


Fig.  I. 


Another  familiar  experiment  is  to  pass  an  iron  ball,  suspended  by  a 
string  or  thread,  near  to  a  magnet  from  end  to  end  It  it  observed 
that  the  ball  is  attracted  very  little,  or  not  at  all,  in  the  middle,  bur 
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tiut  the  attractive  power  is  increased  as  we  bring  it  towards  either  ena 
If  any  substance  b«  placed  between  the  bait  and  the  magnet,  ihe  at- 
traction is  just  as  marked,  unless  the  intcqioscd  substance  itself  con- 
tains iron.  Nearly  all  substances  that  are  not  therar  elves  magnetic 
are  capable  of  Iran smii ting  the  magnetic  influence. 

Another  feature  of  magnetic  polarity  b,  that  like  poles  repel,  and 
unliV::  ]K>les  attract,  each  other.  If  one  magnetic  tar  be  suspended 
freely  in  Itie  air,  and  another  be  brought  near  (o  it,  it  will  be  found 
that  die  north  pole  of  one  is  attracted  by  the  south  pole  of  (he  other, 
and  vue  v<rsd — in  short,  tliat  the  like  poles  repel,  while  the  unlik- 
attract. 


ij^ 
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Magnetism  of  Brohen  Magnets. — If  a  bar  (hat  has  been  magnetizeJ 
be  broken  in  the  middle,  each  half  will  have  two  poles  and  a  neutral 
point  in  tlie  centre.  If  one  of  these  halves  is  broken  in  the  middle, 
each  half  nnll  be  found  to  have  two  poles  and  a  neutral  line.  If  one 
of  these  parts  in  turn  be  broken,  each  half  will  again  be  found  to  be  a 
complete  magnet,  with  two  poles  and  a  neutral  line,  and  so  on  as  long 
as  we  can  carry  the  division. 

Coulomb's  T7teory  of  Magnetism. — A  theory  ol  magnetism  ad* 
vanccd  by  Coulomb  i$,  tliat  magnedc  substances  consist  oi  farticies, 
eaeh  one  of  which  is  a  magntt.  These  particles  liave  their  poles  turned 
in  diiferent  directions,  so  as  to  neutralize  each  other. 

Magnetization  brings  these  particles  round  so  l)\&i  they  lie  in  the  samt 
direction.  This  theory  brings  magnetism  very  dose  to  statical  electri- 
city, and  would  naturally  br  adopted  by  those  who  believe  all  ma^ 
^eXxc^  ph<n->mena  result  from  electricity  in  magnt'ic  bodiei. 


liAGNETlC  INDUCTION. 


Between  the  behavior  of  electricity  in  animal  boflies  (animal  etectri- 
cit)),  electricity  in  general  (statical  and  dynamical  clcctricily),  to  be 
subsequently  explained,  an<I  magnetism  as  here  explained,  there  axe 
analogies  so  close  and  so  consistent  as  to  warrant  the  view  that  all  ore 
but  different  mani/estiUwns  fi/  one  j^et. 

Magnetic  Ifuiuctiett. — If  a  bar  of  iu>ft  iron  is  brought  in  contact 
with  or  near  to  one  of  Uie  pole^  of  a  magnet,  it  is  attracted,  and  foi 
the  time  being  becomes  itself  magnetic ;  and  if  it  is  brought  near 
enough  to  the  magnet,  it  firmly  adheres  to  it.  A  bar  of  soft  iron  thus 
obtains  by  indttetion  all  the  properties  of  an  ordinary  magnet.  It  has 
a  north  and  south  pole.  It  attracts  iron-iilings  around  these  poles,  just 
like  the  regular  magnet.  If  another  piece  of  sof^  iron  is  brought  in 
contact  with,  or  near  to  its  jwlcs,  it  is  attracted  and  made  to  adhcr^ 
just  as  it  would  do  if  applied  to  an  ordinary  magnet  Quite  a  Dumber 
of  bars  of  soft  uon  may  be  made  to  adhere  in  the  same  way.  But 
when  this  Ikw,  thus  made  niaguciic,  is  forcibly  removed  from  llie  per- 
manent magnet  to  which  it  adheres,  it  instonlaneou&Iy  loses  all  its  mag- 
netic power,  and  the  iron-fiUngs  or  pieces  of  soft  iron  that  have  been 
tltracted  by  it  at  once  drop  olT.  Such  a  magnet  is  therefore  styled 
"temporary,'*  in  contradistinction  to  the /rrwwrt^n/ magnets  of  stceL 

If  a  bar  of  steel  i&  broti^hl  near  to,  or  in  contact  with  a  magnet,  it 
also  becomes  magnetic,  and  exhibits  very  different  phenomena  from 
the  bar  of  soft  iron.  In  the  Arst  place,  it  becomes  magnetic  much 
more  slowly  than  the  bar  of  soft  iron,  and  displays  less  magnetic 
power.  On  the  other  hand,  it  does  not,  like  the  soft  iron  bar,  lose  its 
attractive  {Kiwer  as  soon  as  it  is  removed  from  the  magnet,  but  permo' 
nently  retains  it. 

The  quality  of  steel  by  which  it  at  Erst  resists  the  attractive  power 
of  magnets,  and  resists  the  dispersion  of  the  magnetism  which  it  has 
once  acquired,  is  called  eoereUive  farce. 

The  same  phenomena  are  observed  in  regard  to  heat.  Some  bodies 
that  are  quick  to  acquire  heat,  are  quick  to  part  with  it ;  and  vUe  versd, 
Ihose  bodies  which,  like  iron,  steel,  and  so  forth,  acquire  heat  gradually, 
also  part  with  it  slowly. 

It  is  by  virtue  of  its  coercitive  force  that  loaJstone  permanently  re- 
ouns  its  magnetism. 

The  harder  any  steel  is,  the  greater  its  coerdtive  force.  Steel  thai 
is  soft  has  comparatively  little  coercitiveness,  and  when  brought  ncai 
to,  or  in  contact  with  a  magnet,  it  behaves  very  much  like  soft  iron. 
V^ery  hard  steel,  on  the  conlrar)',  has  so  great  coercitiveness  that  it  is 
only  attracted  by  very  powerful  magnets. 
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Soft  irob,  when  adulterated  with  sulphur,  phosphorus,  arsenic,  or 
charcoal,  or  if  it  is  even  twisted  oi  beut,  may  exliibil  a  slight  degree 
of  coercitive  force.  Soft  iron  thai  is  perfectly  pure  possesses  no  coer- 
citive  force  whatever. 

l*he  law  of  the  distribution  of  magnetism  in  a  bar  of  iron,  and  the 
law  of  magnetic  attraction  and  repulsion  were  discovered  by  Coulomb 
in  1789. 

Shape  0/  Magnets — Magnetic  Armatures. — ^Vrtificial  magnets  are 
eitlier  coii)[}osed  of  straight  bajs,  or  are  bent  in  Uie  shape  of  a  horse- 
shoe. The  horseshoe  form  is  used  mainly  for  the  sake  of  conveni- 
ence. It  enables  us  to  apply  both  poles  simulcaoeously  and  uniformly 
to  the  object  that  is  to  be  tnagnctircd.  Very  powerful  niagnets  may 
be  mode  of  a  number  of  tliin  steel  bars  placed  side  by  side,  their  poles 
being  situated  honioiiymousLy,  that  is,  lying  in  the  same  direction.  A 
number  of  bundles  of  bars  of  steel  arranged  in  tl^is  way  is  called  a 
**magTietie  magatine,  or  battery." 

Magttetie  armaturet  arc  pieces  of  soft  iron  that  are  placed  at  the  ends 
of  magnets,  to  keep  their  magnetic  power.  This  bar,  or  armature,  not 
only  receives  magnetism  from  the  magnet,  but  acts  upon  it  Id  retumt 
and  thus  helps  to  preserve  its  magnetic  power.  Magnets  that  are  not 
provided  with  an  arnuture  gradually  lose  tikcir  e.tlra.ctivc:  power  by  the 
disturbing  influence  of  die  magnetism  of  the  earth.  The  magnetic 
power  of  magnets  is  apt  to  be  impaired  by  letting  them  fall  on  a  bard 
surface,  or  by  suddenly  striking  them  with  a  solid  body. 


T\a.  3. 

Magneiitation. — It  is  possible  to  communicate  magnetism  to  bodies 
that  can  reuin  it  in  several  different  waj's: 

I.  By  single  Touch. — The  bar  whicli  we  wish  to  magnetize  is  laid 
on  a  table,  and  the  pole  of  a  m.ignct  is  rubbed  along  its  surface  from 
end  to  end  for  a  number  of  times. 

a.  By  double  Touch. — The  bar  that  is  to  be  magnetized  is  pbccd  on 
a  piece  of  wood,  die  ends  of  which  are  placed  against  two  strong  mag- 
nets. Two  magnets  for  rubbing  are  pbccd  on  the  bar  to  be  magnet- 
ized, making  an  angle  with  the  bar  of  from  15^  to  30°.  A  small  piece 
of  wood  is  placed  between  the  extremities  of  these  two  magiiL-Is,  to 
prevent  their  touching.  They  are  then  rubbed  along  the  bar  that  u  tc 
be  uiagnc'.ized,  frdm  the  middle  towards  the  end,  and  back  again^  and 
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nised  from  the  magnetized  bar  again  at  the  nuU^e.  'fhii  inct:od 
imunicaf^s  a  strong,  though  sometimes  irregular  niagnetisin ;  it  waa 
invented  by  Mitchell,  and  |>erfectcd  by  Epintis  tn  1758- 

3.  By  separate  T0u(h. — This  method  consists  in  |nitting  two  opposite 
poles  of  two  iiiagnetii  of  the  sojnc  force  in  the  middle  of  the  bar  that  is 

,(0  be  magnetized,  and  moving  each  of  them  at  tlie  s^me  time  toivard 
'the  opposite  end  of  the  bar.  This  operation  is  repeated  several  limes 
on  both  &idcs  until  the  bar  is  magnetifcd. 

The  magnets  miy  be  held  vertically  or  may  be  inclined. 

The  vertical  method  was  6t&t  used  by  Knight  in  1 745. 

4.  By  the  G a ivante  Current.— 'XXw  bar  to  be  magnetized  is  placed 
tn^de  a  coil  of  insulated  wire  ilirough  winch  a  galvanic  current  is  ran- 
cing,  and  is  then  moved  backward  and  forward,  as  in  the  method  bjr 
the  double  touch. 

5.  By  the  EarlL — It  is  clear  that  the  earth  is  itself  a  magnet,  for  it 
manifests  strong  inductive  power.  A  steel  rod  becomes  peitnauently 
magnetic  when  it  is  held  parallel  to  a  dipping-needle.  If  a  bar  of  soft 
iron  is  held  in  the  same  position  it  also  becomes  magnetic,  and  much 
more  rapidly  than  the  steel  bar,  but  does  not  so  long  retain  its  magnet- 
xsm.  If  a  soft  iron  bar,  held  in  this  position,  is  struck  a  few  limes  by  a 
banuner,  its  magnetism,  which  was  before  temporary,  becomes  )>cr- 
manent.  The  blows  of  the  hammer  seem  to  impart  in  some  mys* 
terious  way  a  coerciiive  force  to  the  temporary  magnet. 

I.aige  masses  of  Iron,  when  kept  in  a  stationary  |X>sition  for  any 
length  of  lime,  always  give  proofs  of  having  been  magnetized  by  the 
earth.  Tools  in  workshops  are  apt  to  become  permanently  magnetic 
fi-om  the  repeated  hammering  to  which  they  are  subjected.  The  mag. 
nelism  of  the  loadstone  is  due  to  the  silent  but  continuous  inductive 
BCtion  of  the  earth.* 

Saiuraiion  Point  of  Magnetism. — ^The  limit  of  the  amount  of  mag- 
neilsni  that  a  magnet  cm  pennanently  retain  is  called  the  point  of  satu- 
raiic».  If  any  magnet  receives  more  of  magncli^in  than  it  can  pcrina- 
neollv  retain,  it  gradually  loses  it  or  throws  it  off  until  it  falls  to  the 
point  of  saturation,  when  it  ceases  to  lose  any  more.  The  salurattve 
point  of  any  magnet  depends  on  its  temper  and  coerciiive  force. 

Magnetism  is  very  markedly  intliienced  by  lem|)erature.  When  a 
magnet  is  heated  it  loses  its  magnetic  power  in  pruporcion  as  lis  tem- 
perature rises  ;  when  it  cools  it  regains  moru  or  less  of  what  it  has  lost. 


*  On  this «nli)ect  we  nay  refer  16  llw  aUe  pamphlvl  of  Prut  Mayer  ou  Tkt  Etuth 
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When  glass  is  rubbed  with  silk  it  acquires  the  power  of  aitratting 
aiiy  light  substance,  such  as  a  piih-ball.  Hy  a  short  contact  this  prop- 
erty is  also  cotniiiunicated  to  tlie  pith-ball,  and  it  then  repels  the  gloss 
instead  of  being  attracted. 

These  phenomena  aie  explained  by  the  existence  of  a  force  which  19 
termed  ElectritUy.  That  which  exists  in  the  glass  is  called  vitreous^  or 
potitivcy  or  +  electricity.  If  a  piece  of  sealing  wax  he  rubbed  with 
flannel  it  will  aitraet  the  pith-bait,  which  is  repeiled\>y  the  glass.  This 
phenomenon  is  due  to  the  existence  of  resinous,  or  ntgaiive,  or  —  elec* 
tricity  in  the  sealing-wax. 

The  name  electricity  is  derived  fix>m  the  Greek  word  ttXturpm,  mean- 
ing amber,  because,  as  the  story  goes,  Thales  of  Miletus,  one  of  the 
seven  sages  of  (Ircecc,  first  discovered  the  manifestations  of  tliis  inyste- 
lious  force  by  rubbing  a  piece  of  amber  with  a  dry  cloth. 

The  science  of  electricity  dates  from  1600,  when  Dr.  Gilbert,  of  Col- 
chester, physician  to  Queen  Khzabeth,  published  a  work  on  iiugnetism, 
entillcil  TracUiius  de  MagneU,  He  first  used  the  word  tlectrUity.  He 
showed  that  not  only  amber,  but  other  bodies,  as  sulphur,  wax,  etc., 
develop  electricity.  He  6rst  used  the  term  poles  in  magneiism,  and 
announced  the  first  theory  of  terrestrial  magnetism.  Not  only  sealing- 
wax  and  glass,  but  all  bodies  contain  more  or  less  of  electricity  tliat  may 
be  thus  developed  l)y  some  kind  of  friction. 

Conductors  and  Non-conductors.— M\  bodies  are  electrically  divided 
into  tluee  classes:  Conductors^  semi-conductors,  and  non-conductors. 
Under  the  first  class — conductors — are  included  water  and  all  saline 
solutions,  the  metals,  the  earths  and  stones,  the  structures  of  plants  and 
animals,  etc.,  etc.  Under  tlie  second  class — semi-conductors — are  in- 
cluded ether,  alcohol,  dry  wood,  marble,  paper,  straw,  etc.,  at  33*  F. 
Under  the  tiiird  class — non-conductors,  or  insulators — are  includird  glass, 
sealing-M'ax,  porcelain,  resins,  sulphur,  wax,  dry  metallic  oxides,  fatty 
oflft,  etc,  at  —  13*  K. ;   [Jiosphorus,  india-rubber,  gutta-percha,  col 
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loUion*  wool,  dry  hair,  silk,  shelUc,  ebonite,  amber,  feathers,  chalk, 
linie,  dry  gases,  and  aqueous  vapor  in  a  dry  stale. 

The  conducting  power  of  metals  may  be  lessened  Ly  heating  them. 
Jn  nearly  all  other  substances  heat  increases  the  contliicting  power. 
Certain  substances,  such  as  feathers,  wool^  hair,  and  the  atmosphere, 
which  in  a  dry  state  are  non  conductors,  become,  when  thoroughly 
moistened,  the  best  of  conductors. 

In  this  dassincation  of  all  substances  into  conductors,  semi-conduc* 
lurs,  and  non-conductors,  reference  is  had  only  to  fricliunal  electricity. 
Substances  that  are  semi-conductors  for  friclional  electricity  are  non- 
conductors ftir  galvanic  electricity. 

Frictional  electricity  may  be  obtained  not  only  by  rtbbing,  but  also 
by  cleavage  and  prasure.  When  a  piece  of  mica  is  cleaved,  the  two 
plates  which  are  separated  exhibit  opposite  electricities,  and  a  faint 
li^it  is  observed  when  tlie  cleavage  is  made  in  tlie  daik.  The  light 
that  is  seen  when  sugar  candy  or  loaf-sugar  is  hnjkcn,  is  accounted  for 
by  the  development  of  electricity  through  cleavage. 

UTien  a  thin  piece  of  cork  ts  pressed  against  a  slice  of  orange, 
by  insulating  handles,  one  assumes  a  positive  and  the  other  a  negative 
electricity.  The  ^nie  phenomena  may  be  oblainrd  by  cle.ivagc  and 
preMure  of  very  many  ether  substances,  and  under  diverse  condi- 
tions. 

A  conductor  is  said  to  be  insulated  when  it  is  placed  on  some  non< 
conducting  substance,  so  that  the  electricity  connimnicated  to  tt  Is  pre- 
vented from  passing  into  the  ground.  fJlass  is  one  of  the  best  non- 
conductors, and  is  tlic  insulating  material  usually  employed  in  the  con- 
stmction  of  electrical  apparatus.  It  is  hard,  durable,  and  easily  ob< 
lained,  and,  could  its  surface  be  kepi  aUv.iys  dry,  would  be  suqiasscd  as 
an  instdaior  by  no  material.  In  frosty  and  dry  weather  it  acts  very  well ; 
but  when  the  atmosphere  is  at  all  dojnp,  it  becomes  coaled  with  a  layer 
of  moisture,  which  very  much  impairs  its  insulating  power. 

A  much  suiMrrior  insulator  to  glass  is  ebonite,  a  preparation  of  vulcan- 
ized india-rubber,  diat  of  late  has  been  much  used. 

Discovery  of  RUctric  Conduction. — Electric  conduction  was  discov- 
ered  by  Stephen  Grey  in  1729.  He  found  that  when  a  wire  700  feet 
long,  and  hung  on  loops  of  silk,  was  connected  at  one  cud  with  a  gbst 
tube,  and  the  tube  was  rubbed,  the  other  end  of  the  wire  was  electri- 
fied  and  attracted  light  bodies.  When  wire-loop*  were  substituted  for 
the  silk-loops,  the  electricity  pxsscd  off  through  the  wire.  Hence  origi- 
oated  the  distinction  between  insuhhrs  and  eonducfars. 

Loss  of  Eleetritity, — All  electrified  bodies  lose  elcciricitj  more  or  les^ 
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however  carefully  th^  may  be  insulated.    Ticre  are  two  rcaMiu  fat 

ihis  :— 

First  No  insulators  are  perfect.  The  best  insulatois,  as  glass  and 
rubber,  conduct  someivhat. 

Secondly.  The  air  is  a  conductor  ;  its  conductive  capacity  dcpcndi 
upon  the  amount  of  moisture  in  it. 

In  ViUuOf  ali«,  electrified  bodies  lose  their  electricity  more  rapidly 
than  in  air,  on  account  of  llie  diminutiou  of  the  prtissure  on  the  insulat- 
ing surface. 

The  human  body,  as  will  be  shown  under  Electro-physiology,  is 
charged  with  electricity,  which  is  conducted  away  by  the  air,  and  not 
unlikely  by  other  conductors. 

Statical  Induction. — An  insulated  conditctor^  wlun  charged  with  either 
positive  or  uegalive  electriei/y^  aett  en  bodies  placed  near  to  it  just  as  the 
magnet  acts  on  soft  iron  ;  it  attracts  the  opposite 
and  repels  the  same  hind  0/  electricity.  This  inay 
be  shown  in  the  following  manner  :  A  brass  cylin* 
der  (Kig.  4),  rounded  at  either  extremity,  is 
insulated  by  means  of  a  glass  rod.  Two  pith- 
balls  are  suspended  by  cotton  thread  fioin  each 
end.  If  an  insulated  ball  charged  with  positive 
►  n,.  4.  electricity  be  brought  in  close  proximity  to  the 

brass  cylinder,  the  pith-balls  will  diverge,  show- 
ing a  disturbance  of  tlie  electrical  equilibrium  in  the  cylinder.  So  soon 
as  the  charged  ball  is  withdrawn,  the  pith-balls  hang  down  as  before, 
shoniiig  that  the  electrical  disturbance  in  the  cylinder  depended  on  the 
presence  of  the  charged  ball,  and  was  merely  temporary. 

If  a  small  disk  of  insulated  gilt  paper  be  brought  in  contact  with 
the  end  of  the  cylinder  next  llie  cliarged  ball,  and  then  approached 
toward  an  electrometerr  the  needle  will  indicate  that  the  disk  has  re> 
ceived  —  electricity. 

If  the  experiment  be  tried  with  the  opposite  end,  +  electricity  will 
be  transmitted  to  the  gilt  disk. 

It  is  thus  seen  that  +  electricity  of  the  charged  ball  causes  the  near 
end  of  the  cylinder  to  assume  a  —  condition  ;  while,  according  to  a 
nnivcrsai  law,  diat  no  —  electricity  can  be  excited  without  an  equal 
amount  of  positive  elccuicity,  the  opposite  extremity  becomes  +.  The 
phenomenon  thus  described  is  collctl  induction^  or  Inllucnce  \  and  while 
in  this  peculiar  electrical  condition  the  cylinder  Js  said  to  I  \i  polar- 
ued. 
Induction  and  Conduction  compared. — We  ha/e  seen  that  a  body  may 


I 


DISTRIBUTION  OF  ELECTRICirY. 

'be  charged  n-ith  electricity  both  by  conJuetion — actual    ccntact — and 
by  induciioi.  at  a  distance.    In  conduction,  the  first  bod/  loses  a  part 
of  its  electricity ;  in  induction  it  does  oot.     lu  condiiction,  tbe  elec- 
tricity given  to  the  body  is  the  same  as  that  wliich  gives  it ;  in  ijiduc- 
tion,  it  is  of  the  0|iposite  kind.     In  order  to  imi>art  electricity  by  con- 
,  duction,  the  tiody  tiiiist  be  intiulaicd  ;  to  inij>arc  electricity  by  induction, 
die  body  must  be  for  the  time  in  connection  with  the  cartii.    B<xd  con 
ductors  aie  acted  on  by  induction  stoivly^  but  retain  tlieir  electricity 
j  longer  ;  just  as  stcci  which  is  slowly  magnctiied  becomes  a  permanent 
'  magnet,  while  soft   iron,  whicli  is   rai)idly  magnetized,  soon  loses  its 
magnetism.     There  is  a  limit  to  the  conductive  capacity  of  every  elcc- 
.  Irified  body  ;  when  this  limit  ii  reached,  it  ceases  la  have  any  effect  on 
ihe  second  body. 

Distribution  of  EUclriiity. — It  is  evident  that  the  greater  the  surface 
over  wliich  electricity  is  diflfuscd,  the  less  is  its  power  or  intensity  at  any 
given  point. 

RUctricity  doet  not  penetrate  to  tlu  interior  0/  metaUic  contiuetors,  but 
diffuses  itself  osrer  ihe  surfaee. 
Experiment  proves  this.     Let  a  brass  ball  be  charged  with  electricity, 
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and  suspended  by  a  silk  thread,  and  then  covered  with  two  hemisphen- 
cal  surfaces  of  brass,  which  exactly  5t  iL  When  the  hemispheres  are 
withdrawn,  it  will  be  found  that  they  arc  charged  with  electricity,  which 
bas  been  entirely  taken  from  the  bra&s  bait. 

Faraday  iltue>tratcd  this  truth  by  a  beautiful  and  original  ex|>crinient 
with  a  conical  bag  of  cottoa  gaujce,  around  the  opening  of  which  an  in* 
sulated  ring  was  altachetl.  The  bag  was  held  distended  by  means  of  a 
silk  thread  attached  to  the  apex,  and  ihen  charged.  By  the  proof-plane, 
be  found  that  the  charge  was  wholly  on  the  outside.  The  hag  was 
then  turned  inside  out  by  pulling  the  thread  the  other  way,  when  it  was 
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found  thai  the  electridt}'  had  changed  ddes,  and  la/  uhtUy  on  the 
tiuisidc. 

Demit)'. — The  quantity  of  eUitr'uUy  on  a  gtven  surfaet  at  any  momieni 
is  taUtd  eUetric  density,  or  thicknesi. 

Tlie  sliai>e  of  a.  body  has  m  influence  in  the  distribution  of  electricity 
over  it. 

In  nn  ellipsoid,  for  example,  the  density  is  greatest  at  the  small  end 
and  lea&t  ut  the  middle  space. 


FtB.4 

On  an  insulated  cylinder,  with  the  t\iro  hemispheres  at  the  ends,  the 
density  of  the  electricity  is  greatest  at  the  ends.  On  a  circular  disk, 
the  density  is  greatest  at  the  edges.  The  tendency  is  for  eleclrteity  to 
aeeumuUUe  at  points.  On  a  sphere  the  density  is  uniform  ;  the  further 
removed  a  body  is  from  a  sphere  the  more  irregular  the  distribution. 

In  all  pointed  rods  the  electricity  accumulates  at  Ilic  jKiintcd  ex* 
tremities  ;  hence  Ughtning  rods  are  made  to  terminate  at  sliarp  points. 
In  electro -physiology  and  clectru-ttierapeutics  it  is  found  that  small, 
pointed  electrodes  cause  much  more  pain,  the  strength  of  the  current 
bring  the  same,  than  large,  broad  electrodes.  Hence,  except  in  those 
cases  where  it  Is  desired  to  condne  the  action  of  the  current  to  a  very 
limited  surface,  electrodes  of  pretty  good  surface  are  desirable. 

Electric  Machines. — This  term  is  exceedingly  vague.  It  is  applied 
to  any  and  all  fornu  of  electrical  apparatus.  The  first  electric  machine 
was  made  in  1G72,  by  Oito  von  Guericke,  of  Magdeburg.*  It  consisted 
of  a  globe  of  sulphur,  turned  on  its  axis  by  one  hand  anJ  presserl  against 


•  FxperitnenU  Nova,     Magilebttrstcih 
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Afi  Other  hand,    Afterward  a  glass  cylindct   was  used  instead  of 
nilphur. 

In  1740  AVinckler  substituted  cushions  of  horse-hair  as  rubbers,  In 
1760  Ratnslen  substituted  a  circular  glass  plate  for  the  glass  cylinder. 
The  forms  of  electric  machines  now  used  arc  modifications  of  Rams- 
dcn's.  This  is  one  of  the  forms  of  apparatus  from  which  wc  obtain 
statical  electricity.  Fig.  7  represents  the  common  cylin  Jer  electrical 
machine,  for  developing  eleciricily  by  friction. 
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Hffltf  s  Ehftropherus  Machine. — The  best  and  most  recent  form  ot 
a{iparatus  for  statical  vlcctticity  is  the  electrophorus  machine  that  was 
iovented  by  Holti,*  of  Berlin,  in  1865.  In  this  machine  the  electricity 
is  generated  not  by  frlciion,  but,  as  in  the  electrophorus,  by  indudive 
action.  The  machine  counts  of  two  glass  disks  and  paper  coatings, 
with  a  number  of  conductors.  Oiie  of  the  disks  revolves  on  its  axis; 
the  otJier  remains  iuimuvable.  llic  disks  and  paper  coatings  are  cov* 
ered  with  &ealing-wax. 

The  metallic  conductors  are  made  in  a  comb-shape.  An  incision  in 
ibe  immovable  disk,  with  the  paper  coating  and  metallic  conductor,  is 
called  an  element.  The  machine  may  have  two,  four,  six,  or  eight  of 
these  elements.  W^en  rotated,  the  paper  coating  becomes  changed  with 
negative  electricity ;  the  corresponding  part  of  tlie  movable  disk  be- 
comes chaiiged  with  positive  electricity.  The  conductor  corresponds 
to  the  finger  of  the  experimenter.     The  length  of  the  spark  produced 

*  A  nnUar  macliinc  wu  cun^ruttel  alMinl  the  tame  lime  bjr  Tdpler. 


Electric  Spark. — An  interesting  phenomenon  connected  with  uie 
electrical  macliinc  U  the  electric  spark  which  is  drawn  fiom  the  con- 
ductor when  the  finger  is  presented  to  it. 

The  positive  electricity  of  the  coniluctor  decomposes  the  electricity 
of  the  body,  attracting  the  negative  and  repelling  the  po^tive,  and,  when 
the  tension  is  great  enough,  these  opposite  electricities  overcome  the 
fcsistance  of  the  air  and  recombJne,  with  a  spark  and  crackling  sound. 
The  spark  is  accompanied  by  a  prickly  sensation.  When  the  spark  u 
short  it  is  straight ;  beyond  two  or  three  inches  in  lengib  it  becomef 
curved  or  zigzag,  tike  the  lightning  in  the  sky. 
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The  human  body  may  be  charged  with  electricity  liy  sitting  on  an 
insulating  stool  and  touching  the  conductor  of  an  elecfncol  machine. 

When  the  body  is  thus  charged,  the  hair  diverges,  a  pecuHar  senea- 
lion  Is  fcU  in  the  face,  and  if  any  other  person  standing  on  the  giound 
touches  one  so  charged,  he  receives  a  spark,  with  a  crackling  sound 
and  a  pricking  sensation. 

Electrophorus. — The  electraphonis,  invented  by  Volta,  in  1775,  con. 
fists  of  a  metallic  inouti!,  filled  with  a  mixture  of  slicUac  and  turiwndne, 
ami  a  mot  able  metallic  cover  that  is  provided  with  a  glass  handle, 
llie  sun'acc  of  the  sheliac  is  negatively  electrified  by  beating  it  with  a 
cat's  fur  or  fox-iail.  The  cover  is  then  put  on,  and  by  contact  be- 
comes negatively  electrified,  and  gives  to  the  finger  a  slight  spark  of 
n^ative  electricity.  If  the  cover  be  now  removed  by  its  insulating 
handle,  it  gives  positive  electricity  to  whatever  touches  it.  This  posi- 
tive electricity  it  acquires  not  directly  from  tlic  shellac,  but  byiuduttivi 
attion  tlirough  the  air. 

Gold-Ltaf  EUctrosicpe. — Hy  this  instnimcnt  we  are  enabled  not 
only  to  delect  the  presence,  but  to  determine  the  kind,  of  electricity 
Uuit  may  exist  in  any  body. 

Fig.  9  rcjircscnts  Bennett's  electroscope.      B  is  a  tubulated  glass 
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shade,  enclosed  at  its  lower  end  by  a  metallic  cover,  by  means  of  which 
it  communicates  with  the  gixiund.  A  metal  rod,  fitting  in  the  tubule  of 
the  shade,  terminates  at  its  upper  extremity  in  a  knob,  C,  ar.d  at  its 
lower  extremity  it  holds  two  narrow  strips  of  gold  leaf.  On  the  inside 
of  the  shade  arc  two  st'ips  of  gold  leaf  reaching  to  the  metal  covet. 
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Ifa  body  charged  with  either  kind  of  electricity  is  brotight  in  ctmlaa 
with  the  knob,  the  goM  leaves  diverge. 

Thomion's  Quadrant  Electrometer. — A  far  superior  instrument  for 
all  delicate  researches  is  the  quaJrant  eUctremeter  of  Sir  William 
Thomson.  This  insirumeot  is  quite  complex,  and  only  in  a  general 
way  shall  we  attempt  to  describe  it.  A  delicate  aluminum  needle, 
two  inches  long,  is  liung  liy  two  cocoon  threads  in  a  gla&s  jar,  which  is 
one-sixth  fillc-d  with  sulphuric  acid.  From  the  needle  a  delicate  thread 
of  platinum  drops  into  the  acid.  The  needle  is  thus  free  to  swing  hori- 
xoatally  a  little  distance,  or  until  the  lorNion  of  one  of  die  threads  by 
which  it  is  hung  forces  it  back  to  its  origiual  position.  Above  the 
needle  a  very  delicate  mirror  is  susiicndcd.  Wlicn  the  ahimininn  needle 
is  charged  with  electricity,  which  is  conducted  through  the  sulphuric 
acid  and  carried  up  the  platinum  wire,  the  needle  is  repelled  or  at- 
tracted according  as  the  electricity  is  positive  or  negative.  Behind  a 
screen,  at  some  little  distance,  is  phced  a  lamp,  the  light  of  which 
reaches  the  needle  through  a  slit  in  the  screen.  On  the  screen  is  a 
scale  ;  a  very  slight  movement  of  die  needle  is  reflected  by  the  mirror 
above  it  on  tlie  scale.     An  exceedingly  slight  dis|:laccment  of  the  neetile 
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will  cause  a  very  large  displacement  of  the  image  reflected  on  the 
Kale.  Thus  this  instrument  is  of  great  value  in  very  dcUcate  researches. 
Ley  den  far. — Tlie  Leyden  jar  is  made  of  glass,  with  a  coating  of  tin- 
foil pasted  carefully  inside  and  out,  extending  to  within  a  few  inches  of 
the  mouth.  Through  a  varnished  wooden  cover  a  wire,  having  a  knob 
at  top,  is  passed,  and  extends  to  the  inside  coating.  Now,  when  ctthei 
positive  or  negative  electricity  is  communicated  to  the  knob  at  the 
t?|>,  it  is  immediately  diffused  over  the  whole  inside  coating  ;  and  by  its 
inductive  influence  the  outside  co.tting  takei  on  the  opposite  kind. 
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When  in  this  stale, — the  two  coalings  being  oppositely  electriflcd, — 
ihe  jar  is  said  to  be  charged  ;  and  a  discharge  takes  place  when  a  com- 
munication is  established  between  the  knob  and  the  outside  coating, 
the  equilibrium  being  restored  irith  a  bright  flash  of  light  and  a  sharp 
report. 

As  thc^  human  system  is  a  good  conductor,  this  discharge  may  (aJce 
place  through  it,  by  grasping  the  outside  coating  uiih  one  hand,  and 
touching  the  knob  at  the  top  with  the  other  ;  or  several  persons  may 
form  a  line  by  grasping  hands,  the  one  at  one  extreme  touching  the 
outside  coating,  while  the  one  at  the  other  extreme,  touches  the  kncb. 
All  will  fee)  the  s/iock^  as  it  is  called,  at  the  sanie  instant  While  the 
jar  is  receiving  the  charge,  it  niiiat  not  be  insulated ;  that  is,  the  outside 
must  communicate  with  the  earth.  As  the  positive  fluid  collects  on 
the  inside,  the  outside  becomes  negative  by  the  expulsion  of  the  posi- 
tive fiuid  naturally  in  it,  and  the  accumulation  of  the  negative  fluid  in 
its  stead,  drawn  from  the  earth.  But  if  the  outside  is  insulated,  these 
transfers  to  and  from  it  cannot  take  place,  and  therefore  the  jar  cannot 
become  charged. 

A  subtnarine  cable  is  really  a  vast  Leydcn  jar.  The  wire  constitutes 
the  interiar  coating,  the  water  the  exterior  coaling,  and  the  gnlt»> 
percha  the  insulator  between  ihcm.  On  this  account  the  passage  of 
an  electric  current  through  a  submarine  caUe  is  greatly  retarded. 

Hiiiery  of  the  Ltyden  Jar. — In  October,  1745,  a  bishop  of  Camtnin, 
in  Ponierania,  Von  Kleist  by  naiuc,  passed  through  a  cork  in  the  neck 
of  a  flask  an  iron  nail  connected  wiih  an  electrical  machine.  The  flask 
contained  mercury  or  alcohol  On  totidiing  the  nail.  Von  Kkist  re- 
ceived a  severe  sliock.  In  January,  1746,  Cuneus,  AlJainnjid,  and 
.Masschcnbroek  passed  a  wire  from  an  electrical  machine  into  a  flask 
filled  with  water.  Musschcnbroek  held  the  flask  in  his  right  lund,  and 
when  a  turn  was  given  to  the  machine,  he  received  a  spark  from  the 
condi|ctor  with  his  left  hand. 

The  spark  was  so  terrible  tliat  he  declared  he  would  not  receive 
another  like  it  for  the  French  crown.  He  observed  what  Klcisl  did 
not,  that  only  the  person  who  hetdthejar  received  the  shock.  In  this 
exi«erinicnt  the  hand  of  ike  observer  corresponded  to  the  outer  coating 
of  the  ordinary  I-eyden  jar.  He  was  the  most  scientific  of  the  three 
Leydcn  philosophers  who  have  given  the  name  to  the  l.eyden  jar. 

The  theory  of  the  Leyden  jar,  and  apparatus  similar  to  it,  was  given 
by  Franklin  in  1747.  In  the  same  year  Watson,  Bishop  of  Llandafli 
lent  a  discharge  from  a  Leyden  jar  through  z,8oofcet,  and subsequetulf 
through  10,600  feet  of  wire. 
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Experiments  like  these  were  also  made  by  Franklin  across  the 
Schuylkill. 

For  a  long  time  Franklinic  electricity  was  the  only  form  used  in 
electro -therapeutics. 

Subsequently  it  was  almost  entirely  superseded  by  dynamic  elec- 
tricity, owing  partly  to  the  greater  convenience  and  certainty  of  action 
of  the  latter.  In  recent  years  Franklinic  electricity  has  again  come 
to  the  front.  The  construction  of  its  apparatus  has  been  greatly  im- 
proved and  new  methods  of  its  application  have  greatly  widened  the 
range  of  its  usefulness. 

In  the  chapter  on  The  Use  of  Franklinic  Electricity,  the  subject 
will  be  found  more  fully  considered. 


CHAPTER  III. 


GALVANISM,   OR   VOLTAIC   EI.ECTRICtTV. 


Uiri'RR  the  general  term  Dynamical  EUttrieity  is  included  the  dec 
iricity  which  arises,  first,  from  chemical  aciion — especially  from  tha; 
attending  the  dissolution  of  metals — called  galvanism  or  vcltaic  tUc- 
trieity ;  secondly,  from  indnction  by  currents  or  magnets  called 
induced  tUctricUy,  tkctro-magnctism,  or  magntto^UctrUity ;  thirdly^ 
from  heat,  called  ikerma-clectriciiy.  These  varieties  are  called  dynam- 
irai  electricity,  signifying  electricity  in  motion  as  distinguished  from 
friitional  or  statical  electricity,  which  denotes  the  electrical  condition 
of  bodies  in  which  electricity  remains  insulated  or  stationary.  Strictly 
ipeaking,  these  tcmia — dynamical  and  statical — are  apiilicable  to  both 
branches  of  the  science  ;  for  if  the  poles  of  a  series  of  galvanic  batteries 
are  instilatcd,  they  manifest,  before  the  current  begins,  tlic  electric 
tension  of  a  friction  machine.  Again,  the  characteristics  of  the  gal. 
vanic  current  are  manifested  sligluly  in  the  series  of  discharges  which 
are  transmitted  in  a  irire  connecting  the  prime  conductor  of  a  machine 
in  action  with  the  gronnd  or  other  negative  conductor. 

Nature  and  Definition  of  Force  and  its  Relation  to  Matter.— Force  ii 
that  which  produces  motion.  It  is  itself  a  primary  motion  and  cannot 
be  defined.  Matter  is  a  collection  of  centres  of  force  called  atoms. 
Molecules  are  collections  of  atoms.  A  molecide  is  the  smallest  particle 
into  whicli  a  body  can  be  divided  without  losing  \Xs  identity. 

The  molecules  of  a  gas  are  in  ra|)id  and  continuous  motion,  and  the 
relative  velocities  in  different  gases  has  easily  been  determined.  These 
motions  and  velocities  are  the  result  of  the  forces  of  which  matter  con- 
sists. Il  must  be  similarly  true  of  liquids  and  solids  :  forceaud  motion 
^re  the  bases  of  their  comtitution.  Indeed,  wiilioiit  force  matter  would 
not  exist  at  all,  for  matter  is  simply  an  aggregation  of  centres  of  force. 

Ponderable  Matter  is  a  form  of  force  which  otir  senses  recognize. 
Ether  pervades  all  matter  and  all  space,  but  it  is  not  recognijied  by 
icnse,  and  yet  it  is  none  the  less  a  manifestation  of  centres  offeree. 

Elctrici'j.  compared  with  other  Forces. — If  force  be  added  to  mattei 
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Ac  equilibrium  of  that  point :«  distmbed,  and  the  d  sturbance  is  propfr 
gated  from  molecule  to  molecule,  through  matter,  or  ether,  i«  both. 
Heat  by  conduction  and  mass  motion  arc  of  matter  only.  Heat  by 
radiation  and  light  arc  of  the  ether  only.  Electricity  is  now  regardrd 
as  a  ;iiavemeni  of  ihe  ether,  and  of  the  body  in  which  it  circulaiea. 
Chemical  action  is  a  rt-arrangement  of  atoms.  After  this  action  the 
sum  of  the  activities  of  the  molecules  of  the  resulting  product  is  dif- 
ferent from  that  trhich  its  factors  previously  had.  This  difference  is 
force,  and  appears  sometimes  as  light,  and  under  certain  conditions  as 
fttcrtricity,  but  it  is  rarely  or  never  confined  to  one  mode  of  manifes- 
miion.  The  condUion  for  the  generaiion  of  electricUy  by  chemieat  action 
appears  to  be  that  this  action  takes  place  at  the  surf  ate  of  a  conductor 
through  which  a  current  {so  cafied)  can  eirculate.  Since  the  current  is 
made  of  motion  of  the  molecules  of  the  conductoi-  through  which  it 
l^asses,  and  of  the  ctlter,  the  nature  of  the  conductor  must  modify  the 
currunt  itself.  It  is  known  that  the  current  through  a  telegraph -wire 
500  miles  long  meets  the  greater  ]xirt  of  its  resistance  in  the  tirst  toe 
miles.  The  current  is  modified  by  the  material  and  length  and  si«  of 
the  wire. 

The  differential  physiological  effects  of  induction-coils  of  different 
lengths  and  fineness  may  thus  be  in  part  explained.  These  differential 
effects  will  be  spoken  of  in  the  electro-therapeutical  portion  of  this 
work. 

77ie  Gietnistry  of  the  Battery  not  yet  Exact. — Chemistry  can  never 
be  an  exact  science  until  icmpcratun-,  specific  heat,  and  matter  are  all 
considered,  and  justly  estimated  in  all  reactions.  This  has  not  yet  been 
accomplished. 

We  are  unable  to  state  a  priori  what  must  be  (he  electro-motive  force 
of  the  different  batteries  in  use,  since  that,  as  we  have  seen,  depends 
on  data  hereafter  to  be  determined.  Frequently,  however,  we  arc  able 
to  state  which  of  two  reactions  must  evolve  the  greater  force,  and  scs 
under  Hke  circumstances,  the  strotvgcr  electric  current.  This  is  done  by 
insi>ectien  of  the  electro -chemical  series  of  elements.  Thai  series,  how- 
ever, must  var)-  with  the  temperature,  so  that  it  is  no  sure  guide. 

Office  of  ihe  Water  in  the  Battery. — The  water  used  in  all  common 
batteries  ser^-esasa  solvent  of  the  talt  formcil  in  the  reaction.  When 
the  water  used  becomes  saturated  by  this  salt  the  current  stops,  and  it 
declines  in  power  as  the  solution  approaches  saturation. 

Office  of  the  Mciah  in  the  Battery.^—OX  the  two  metals  in  any 
battery  one  only  enters  into  the  reaction.  Zinc  has  generally  filled  that 
place  in  all  the  best-known  batteries,  because  it  is  nearer  the  negative 
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end  of  the  ekciro-chcmical  scries  than  any  other  common  and  c^nv& 
nient  mc-tal.  rota&&tuni  oi  sodium  would  be  the  btau  ideal  of  (he  ne^ativ^ 
metal,  but  they  are  not  convenient  or  practicable.  Any  metal  or  con- 
ductor whicJi  is  not  acted  on  by  the  fluid  in  which  it  is  immersed  may 
occupy  the  otiicr  place  in  (he  couple- 
All  modern  research  tends  toward  the  conclusion  that  the  diflerent 
forms  of  electricity  which  we  voriuubly  di&Ungiiihh  as  nui^ncttsm,  Frank- 
/inism,  galvanism,  eUdro-magmtism,  arc  but  expressions  of  one  force, 
which  force  is,  as  w-e  have  seeo,  but  a  mode  of  motion  of  the  umversat 
cihcr.  Very  recently  a  European  physicist  has  eiiuuaied  the  electro- 
motive force  of  Holtz's  madiine,  and  has  expressed  it  in  a  mathematical 
form,  so  Uiat  it  may  be  compared  with  the  ordinary'  galvanic  batteries. 

In  the  present  chapter  wc  sIuU  speak  of  tlie  form  of  electricity  that 
is  generated  by  chemical  action — galvanism  or  voltaism.  Analogy  and 
experience  make  it  more  than  probable  that  aU  ehemicai  adieu  whatso- 
rvtr  ii  aitenJeJ  with  ihe  evolution  of  electricity;  and  reasoning  still 
furtlier  we  may  believe  that  all  molecular  disttirb.incc,  however  excited, 
must  give  rise  to  electrical  disturbance.  The  play  and  interplay  of 
etcctiical  phenomena  are  incessant  and  infinite;  L-lectrical  force,  like 
light  and  gravity,  is  everywhere  being  generated  and  everywhere  acting. 
If  we  are  unable  to  detect  the  electricity  generated  by  chemical  action 
only  under  certain  conditions,  or  when  generated  in  comiiaratively 
large  quantities  "*  is  because  of  the  imperfections  of  our  knowlcdjie  aJid 
the  want  of  sufhcient  refinement  in  our  apparatus  for  collecting  and 
measuring  electricity. 

Asa  matter  of  cxi>eriencc  it  is  found  tliatcliemical  electricity  is  most 
conveniently  generated  by  the  reactions  tliat  take  place  between  xvm 
metals  and  sume  acid  solution,  and  as  a  matter  of  convenience  and 
economy  zinc  is  the  metal  at  the  cxi>cnse  of  which  the  electrical  force 
ill  evolved,  the  other  metals  acting  merely  as  conductuia;  but  the 
combinations  diat  are  actually  employed  by  phy»icii»ts  are  but  a  fraction 
of  lliosc  that  arc  possible  and  conceivable. 

Kvery  year  new  batteries  and  mudifications  of  old  batteries  are  dc 
t-ised,  but  all  of  litem  are  based  on  the  general  principle  that  chemical 
action  of  any  sort  whatsoever  is  altcmled  by  the  evolution  of  eleclri 
ciiy. 

We  present  bclowrbnef  descriptions  of  some  of  the  prircipal  batteries 
that  are  now  in  use.  All,  or  nearly  all  of  them,  in  their  original  shape, 
or  under  various  mudificalions,  are  used  in  electrotherapeutics.  We 
Khali  DOl  attempt  lu  exhaust  the  list,  but  to  illustrate  those  that  are  best 
known,  most  useful,  and  are  most  thoroughly  representative.    Ttioie 


22 


ELECTRO-PHYSICS. 


who  understand  the  principle  on  which  ihese  batteries  are  constructed 
ttill  nat  find  it  difficult  to  understand  any  new  nioditiraiion  uf  them  that 
may  arise. 

Here  let  us  interpose  the  leniark,  iJiat  the  tijue  and  energy  llial  arc 
devoted  to  the  study  of  the  chemistry  of  batteries  will  no!  be  wasted 
time— will  indeed  be  spent  most  wiwly — for  half  the  annoyances  of 
young  and  old  electro  therapeutists  comes  from  the  difficulty  of  keeping 
their  batteries  in  order.  This  difHciiIty  will  be  diminished  one-liolT  and 
more  when  we  really  understand  the  mechanism  of  batteries  and  the 
laws  that  govern  their  action. 

SimfU  Gahanic  Circles. — In  the  formation  of  a  Mjnjjle  galvanic 
circle  there  are  usually  metals  and  a  Hqutd. 
Hg.  1 1  constitutes  such  a  circle. 

I^ct  C  and  Z  represent  respectively  platei 
of  cop}>er  and  zinc  introduced  into  dilute 
acid,  and  connected  by  a  wire.  An  electti 
cal  disturbance  takes  place  over  all  the 
surface  of  the  zinc  covered  by  the  liquid. 
Positive  electricity  is  generated  at  the  zinc 
element,  and  flows  through  the  liquid  to  the 
copper,  and  thus  a  constant  current  is  es- 
tablished over  the  wires,  as  shown  by  the 
ric.  II.  arrotts. 

So  far  as  the  galvanic  action  is  concerned, 
ft  tnatters  not  whether  the  plates  touch  each  other  or  are  connected  by 
wires,  as  in  the  figure.  A  current  is  formed,  whether  contact  i*  made 
between  the  plates  either  above  or  below  the  liquid.  In  every  instance,, 
however,  affW«//nmst  befonned,  around  whicli  the  electricity  may  flow. 
The  electricity  may  traverse  the  circuit  cither  in  a  single  current  or 
in  a  number  of  partial  currents,  into  which  it  may  divide  itself  when 
the  plates  are  brought  in  contact  along  their  whole  surfaces.  When 
the  plates,  or  the  wires  which  connect  them,  are  in  contact,  the  circuit 
is  said  to  be  closed ;  when  they  are  separated,  it  is  said  to  be  brcken,  m 
cpen.  The  electricity  is  gci:erated  wholly  by  the  chemical  action  of 
the  acid  upon  the  zinc,  and,  other  things  being  equal,  tlie  quantity  of 
electricity  set  m  motion  will  be  proportional  to  the  extent  of  zinc  8tu> 
Eace  exposed  to  the  acid. 

The  terms  Eleetro-posUive  and  Eleetro-negative. — Both  in  simple 
and  rompound  circles  the  electricity  always  move^  in  the  liquid  of  the 
Lattery  from  the  zinc  to  the  cop])er;  and  cut  of  the  licpiid,  from  the 
copper  to  the  zinc    This  should  be  remembered,  since  the  zinc  is 
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taUtt!  the  eUctro-foiitive  eUment,  although  out  t>/  the  Uqaid  it  it  mgs- 
tive;  and,  consequently,  in  the  decomiioaition  that  occurs  in  the 
battery,  iliat  clement  which  goes  to  the  zinc  pole  U  called  the  eIec:ro- 
positive  element,  being  attracted  by  its  opposLte  force ;  while  the 
element  going  to  the  copper  is  called,  for  the  same  reason,  the  electro- 
negative— a  current  from  Vko  liquids  and  one  metaL 

Two  liquids  and  one  metal  can  also  produce  a  ciraitt  as  wcU  as  one 
liquid  and  two  metals.  Becqueml's  oxygen  battery  (pile  a  oxygtne)  ij 
one  of  the  best  arrange  men  ts  uf  this  kinil.  The  current  is  produced  by 
the  action  of  caustic  potash  on  niliic  acid,  platinum  forming  the  con- 
ducting arc 

Homogattify  ej  tht  Galvank  Circuit. — In /r;<"//(7/i«7/ electricity  there 
are  points  which  form  the  seat  of  +  or  —  electricity.  On  the  con* 
irary.  In  a  wire  where  a  galvanic  current  is  circulating,  there  are  no 
such  points.  It  has  no  pon-vr,  like  Irictlonal  electricity,  lo  attract  or 
repel  objects.  The  wire  feels  and  beliaves  no  differently  when  the 
current  is  passing  than  when  it  is  not.  The  wire  conducts  so  much 
better  than  the  air  that  the  current  follows  it.  its  force  is  the  same  at 
every  point,  in  the  battery  or  in  the  circuit.  Making  interruptions  in 
it  at  different  points,  and  sending  cunents  through  solutions  of  sulphate 
of  copper,  the  same  amount  of  copper  is  deposited  at  each  of  the 
places  where  the  interruption  is  naadi.  If  we  connect  the  several 
breaks  by  pieces  of  platinum  wire,  each  wire  will  be  heated  to  the 
same  temperature. 

In  short,  the  magnetic-healing  and  chemical  and  other  effects  of  the 
atrrent  are  the  same  at  ez-ery  point  in  the  circuit. 

Polarity  of  the  Circuit. — If  the  wire  in  which  the  current  runs  be 
cut  or  broken  at  any  point  in  the  circuit,  the  current  ceases  to  How — 
that  is,  ceases  to  be  dynamic,  but  at  the  two  cut  ends  there  is  statical 
electricity.  One  end  of  the  cut  wire  will  be  charged  wiili  -\-  and  the 
other  with  —  clectriciiy.  The  amount  of  this  statical  electricity  will 
depend  on  the  original  strength  of  the  current  before  the  inteiruptioii 
was  made. 

By  the  condensing  electroscope  it  con  be  shown  tliat  each  eml  of 
the  cat  wire  is  charged  with  an  opposite  electricity,  and  the  amount  of 
this  can  be  estimated.  If  wc  t.ikc  away  any  part  of  the  wire  cntireiy 
from  die  circuit,  the  piece  of  wire  taken  away  is  out  of  tlie  circuit  en- 
tirely ;  but  if  tlie  ends  of  the  wires  at  each  point  of  interruption  oe 
dipped  in  a  fluid  that  is  decomposed  by  the  current,  tlie  circuit  will  be 
again  completed,  and  it  will  be  found  that  the  jiari  of  the  wire  that  is 
taken  away  has  opposite  electricities  at  tlie  ends. 
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SiiiiiUriy,  also,  the  solution  in  the  battery  and  the  metaU  themselveft. 
like  Ihe  connecting  virc,  are  +  at  one  end  and  —  at  the  other.  I'he 
circuit  throughout  consists  of  4-  following  —  and  —  following  +.  It 
appears  to  be  electrically  the  same  throughout. 

£ie{irUal  delations  of  the  Elements. — In  the  galvanic  cell,  by  the 
decomposition  of  the  water,  oxygen  arises  at  the  positive  pole  and 
hydrogen  at  the  ntrgaiivc. 

The  mcfals  assume  opposite  clcctiicJlics,  ttie  zinc  being  positive  and 
ihe  copper  neg.ilive. 

Since  electricities  that  attract  each  other  arc  opposite  to  each  other, 
the  substances  thai  arc  liberated  at  the  positive  jiolc  are  called  elecir^. 
ntsotii'C.  and  the  substances  liberated  at  the  negative  pole  are  called 
tlectro-posiiive.  Tlius,  in  the  decomposition  of  the  battery,  oxygen 
which  is  liberated  at  the  zinc  is  elect ro-negaiivc,  while  hydrogen  which 
is  libcra'cJ  al  die  copper  or  iilatinuni  is  electro-positive. 

The  elements  have  been  arranged  as  to  their  electro- chemical  re- 
lations when  associated  in  pairs  in  the  galvanic  celL  According  to 
recent  chcniibtr)',  atoms  arc  arranged  in  two  classes,  according  to  their 
combining  power.  Positive  atoms  are  those  which  arc  attracted  to  the 
negative  eteclrode  in  electrolysis,  and  whose  hydrates  are  bases. 
Xegative  atoms  are  those  that  are  attracted  to  the  positive  pole  in 
electrolysis,  and  whose  hydrates  are  acids.  The  electro-chemical  Kiiec 
are  presented  below : 


Eleetr&Chemiiol  Series. 


Negative  end  —. 

Silicon. 

Zinc 

Oxygen. 

Hydrogen. 

Manganese. 

Sulphur. 

Gold. 

l.anthanutn. 

Nitrogen. 

Osmium. 

Didyniiuiu. 

Fluorine. 

Iridiuni. 

Cerium. 

Chlorine. 

Platinum. 

Thorium. 

Bromine. 

Rhodium. 

Zirconium. 

Iodine. 

Ruthenium. 

Aluiulnuiii. 

Selenium. 

Palladium. 

Erbium. 

Phosphorus. 

Mercury. 

Yttrium. 

Arsenic. 

Silver. 

Glucintmi. 

Chromium, 

Copper. 

Magnesium. 

Vanadium. 

UraniuiB, 

Calcium. 

Molybdenum. 

Bismuth. 

Strontium. 
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Tnngstni. 

Tin. 

BaHum. 

Boron. 

Indium. 

l.,ithiuni. 

Carbon. 

tead. 

Sodium. 

AntimoDjr. 

Cadmium. 

Fuiassium. 

Tellimiiin. 

Thalliuiu. 

RubiUium. 

Tantal  11111. 

Cobalt. 

Caesium. 

Coluuibiuni. 

Nickel. 

Fsiitive  end  +. 

Titanium. 

Iron. 

Each  atom  of  any  or  the  substances  in  tliis  list  is  positive  to  any 
atom  of  any  subsUiucc  above  it,  and  negative  to  any  one  below  it. 
These  disliiictioiis  arc  therefore  purely  relative. 

Thus,  for  example,  copper,  when  associated  in  a  galvanic  pair  in  tlie 
projtcr  fluitl  with  any  one  of  the  clentcnls  below  It,  generates  positive 
electricity  and  becomes  clectro-positivc.  but  when  associated  with  any 
DDc  of  tiie  clemenis  above  it,  becomes  electro  negative. 

The  mure  electro-negative  any  one  of  the  elements  in  this  series  is 
to  a  given  element,  the  more  intense  will  be  the  current  generated 
when  they  are  united  in  a  galvanic  pair.  For  examjile,  the  current 
generated  by  zinc  and  copper  is  feebler  than  ilixt  obtained  from  linc 
and  platinum,  and  the  currtrnt  is  less  wlicii  carl>on  is  siibstitiited  for 
the  platinum.  The  order  in  the  above  arrangement  is,  however,  by  no 
tueans  absolute.  The  relative  position  of  the  metals  depends  fre- 
quently on  the  liquid  in  which  they  are  immersed.  Thus  silver  is  — 
toward  le.'>;l  in  a  solution  of  dilute  sulphuric  acid,  while  in  a  solution 
of  cyan-Je  of  potassium  it  is  +  toward  iL 

AnaigamiUion. — If  pure  xinc  is  immersed  )D  dilute  sulphuric  acid 
no  change  is  manifest,  while  ordinary  coinniercial  /(nc  is  quickly  dis> 
iolvcd  by  it  The  action  of  the  dilute  acid  or  zinc  is  due  to  the  im- 
purities of  iron  or  lead  whicli  it  contains.  These  impurities  are  electro- 
negative toward  zinc,  and  they  cause  Iveai  currents  of  eUetriciiy. 
When  the  battery  is  closed,  llicse  local  currents  tuterfctc  with  the 
action  th.it  produces  the  main  current  \  when  the  current  is  open,  they 
may  still  keep  up  tlieir  action,  as  Is  evidenced  by  the  bubbling  up  of 
the  gases,  and  thus  the  zinc  may  be  in  time  destroyed. 

Now,  local  action  in  a  single  battery  cell,  arising  from  the  above 
cause,  not  ordy  consumes  the  power  of  that  nKiinber,  but  reduces  ihe 
energy  of  the  whole  series.  In  order  to  avoid  this  evil,  resulting  from 
local  action,  it  i*)  neccs5:iry  that  the  sine  plates  be  aiiialgujiiated  with 
mercury.  The  amalgamated  surfaces  arc  reduced  to  one  uniform 
eleciricAl  condition,  like  pure  zinc,  and  will  remain  in  the  fluid  for  any 
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length  of  time  unacted  on,  antil  connected  with  the  electro-negative 
eleoient. 

At  the  present  time  all  improved  batteries  are  constructed  with  amal> 
gamated  zinc. 

Hoxc  tfi  amalgamate  Zinc. — ^To  anialgajnate  zinc,  first  inituerse  it  in  a 
s<iIuiioii  of  dilute  sulphuric  acid  of  almost  any  strength,  so  as  to  clean 
the  surface ;  then  dip  it  in  mercury,  or  pour  mercury  over  it,  and  rub 
it  on  with  a  bnieli  or  sponge  or  cloth.  'Vh^  mercury  will  spread  very 
rapUily  over  the  surface  of  the  zinc,  and  give  it  a  bright,  mercury-like 
appearance. 

The  art  of  amalgamating  zinc  is  of  great  practical  importance  to  the 
electro-thcrapcutigc,  since  nearly  all  the  batteries  in  couniion  use  have 
zinc  for  one  of  the  metals.  Amalgamated  zinc  was  first  used  for  gal- 
vanic batteries  by  Kemp,  in  1826. 

Chemical  Attion  tlu  Origin  of  the  Current. — When  the  electrically 
opposite  metals — zinc  and  platinum,  for  example — arc  dipped  in  acidu*' 
lated  water  and  united  at  their  ends,  cither  directly  or  by  a  u-jrc,  the 
zinc  has  so  strong  an  attraction  for  the  oxygen  of  the  water  that  it  unites 
with  it  and  forms  the  oxide  of  zinc.  This  oxide  of  zinc  combines  with 
the  sulphuric  acid  and  funtis  sulphate  of  ztiic.  The  liydrogcn  of  the 
water  escapes  in  the  form  of  gas  at  the  platinum.  The  result  oj  this 
chemical  action  is  a  current  of  electricity.  The  linc  (the  electro- 
negative element)  dissolves,  and  the  quantity  of  electricity  generated 
is  proportioned  exactly  to  the  quantity  of  zinc  diS'Solved. 

It  bad  been  supposed  by  Volta  and  his  fuiluwers  that  simple  contact 
of  the  mcLth  W.1S  all  that  was  neccs-sary  to  excite  the  current ;  but 
Faraday  showed,  by  two  very  beautiful  exiieriments,  that  mere  contact 
was  not  sufficient — that  there  must  be  chemical  action  in  the  cell  in 
order  to  obtain  a  current.  It  is  possible  that  all  chemicai  actions  are 
attended  wJlh  the  generation  of  electricity  ;  but  only  under  certain  coo- 
ditions,  or  when  the  amount  is  considerable,  are  wc  able  to  detect  it 

In  -whalway  does  Chemical  Action  generate  the  Current  ? — In  science 
it  often  happens  that  the  simplest  and  easiest  questions  are  the  hardest 
to  answer.  Just  how  the  current  is  excited  by  chemical  action  we  do 
not  fully  know.  We  Icnow  that  when  the  different  metals  touch  each 
other,  the  positive  electricity  will  go  to  one  metal  and  the  negative  to 
the  other.  This  disturbance,  however,  is  only  momentary,  and  equili- 
brium it  at  once  restored,  and  no  current  continues. 

Now  ire  may  regard  the  atoms  of  oxygen  and  hydrogen  that  make 
up  a  molecule  of  water  as  cliarged  \vilh  opposite  electricities,  like  two 
different  metals.    When  zinc  and  platiuuui  are  dipped  in  water,  the 
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positively  charged  atom  will  turn  toward  one  metal  and  the  nrgattve 
toward  the  olhtrr;  but  as  long  as  the  metals  do  not  touch  each  otliei 
the  equilibrium  is  at  once  rcslorcd,  and  there  is  no  current.  The  Iree 
ends  of  the  melals  are  in  a  stale  of  electric  tension,  and  arc  capable 
of  discharging  themselves  into  a  condenser  or  L^eydcn  jar.  VVhen  the 
metals  are  made  to  touch  eatk  others  or  are  connected  by  wirei^  tlicjr  are 
relieved  of  tlifir  charge,  and  again  become  cliaiged  ;  lltvn  again  relieve 
themselves,  and  so  on  indefinitely.  There  is  no  e<iuilLbrium  established, 
but  a  constant  effort  to  establish  it,  which  never  succeeds.  This  con 
•taot  effort  to  establish  an  cquihbrium  keeps  up  the  current. 

EUftriiity  a  Mode  of  Motion. — Although,  for  tlie  sake  of  conve- 
nience, we  si>eak  of  electricity  as  a  current  Bowing  in  ceruin  direc- 
tions, after  the  manner  of  a  river,  )-et,  as  we  have  aheady  said,  we 
should  not  thereby  be  led  into  the  error  of  supposing  that  the  elec- 
tricity is  a  real  duid  flowing  through  different  substances,  or  from  one 
sutKlance  to  another. 

BUitricity  it  a  ditturlance  propagated  in  the  MoUcuUi  cf  a  hody, 
and  at  the  same  lime  in  the  Ether  pervading  that  body. — The  theory  that 
light  was  caused  by  the  emission  of  particles  from  the  sun  was  aban- 
doned long  ago ;  and  now  the  theory  that  light  consists  of  undulatient 
of  ether  is  consifk;ed  to  be  as  impregnable  as  the  theory  of  gravitation. 
Similarly  we  may  believe  that  electricity  consists  of  movements  of  a 
different  kind  fro.-n  those  of  light,  but  which  is  variously  modified  in  its 
mantfesutions  by  the  substances  through  which  it  circulates. 

The  impulse  or  movement  that  constitutes  what  we  call  the  current 
may  be  regarded  as  simply  a  mode  of  motion. 

Poiarity  of  Electricity. — Polarity^  or  propertlts  in  opposite  direetiont, 
is  not  peculiar  to  electricity.  Liglit  and  heat  may  also  be  polarijced, 
and  cliemical  attractions  and  repuUions  are  likewise  manifestations  of 
the  polar  qualities  of  atoms.  We  may  gather  a  dcfinile  idea  of  the 
nature  of  electricity  and  the  character  of  the  so-called  "  current "  by  the 
following  illustration  :  T.et  a  tube  be  filled  with  balls,  all  of  which  are 
attracted  to  each  other.  If  the  first  ball  is  turned  round  on  its  centre, 
il  will  turn  in  a  similar  way  the  next  ball,  and  so  on  through  the  whole 
scries.  There  is  here  no  progress  of  a  material  current,  but  simply  a 
motion. 

If  ttie  motion  is  rapidly  repeated  through  the  attempt  of  electricity  to 
find  an  equilibrium,  wc  have  what  we  call  an  electrical  cuircnt. 

Eleetrieity  convertible  into  the  other  Great  For£es.^\^e  see  in  this 
section  on  electro-physics  many  illustrations  of  the  transformation  of 
one  force  into  another.     If  we  start  with  heat,  we  find  that  it  pro 
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duces  electricity,  and  through  elcclrictty  i>rodiicc3  dicmiciU  iciion, 
magiiutism,  and  light.  1(  we  start  witli  magnetism,  we  find  that  it 
produces  electricity,  and  through  electricity  heat,  chemical  action,  and 
light.  If  we  stare  with  chrruical  actiun,  we  find  that  it  produces  heat, 
light,  and  electricity.  If  \vc  start  with  electricity,  we  find  that  it  pro- 
duces inagnctiain,  heat,  light,  chetnical  action,  and  nioiiou. 

Conversion  of  EUttrieity  into  HaU.  The  Electric  Li^ht. — By  die 
law  of  the  correlation  of  forces  ihc  electricity  generated  in  a  battery 
may  be  converted  into  heat.  Tliis  heat  may  remain  in  the  battery  or 
be  transferred  to  any  part  of  the  circuit  In  order  to  convert  the  elec- 
tricity intu  heat  it  must  pass  through  some  ix>or  conductor  that  resists 
its  passage,  and  tliiis  compels  it  to  appear  as  heat.  WiL*!  ordinary 
thick  copper  wire  there  i»  but  little  sensible  beat  in  the  passage  of  a 
current,  because  cop])er  wire  is  a  good  conduclor ;  but  when  platinum 
wire,  which  is  a  poor  conductor,  is  used,  it  is  raised  under  a  strong 
Current  to  white- heat.     'Hus  has  been  utilized  in  galvaHo-cauiery. 

In  the  tUctrlc  li^ht  the  heat  is  transferred  to  carbon  points  interposed 
in  the  circuit.  Particles  of  carbon  become  Incandescent,  and  are  volalil 
ued  and  transported  from  the  positive  to  the  negative  pole.  A  metal 
or  other  suU^ance  niay  give  an  electric  Ughc,  but  carbon,  oA  account  of 
its  friability,  gives  a  belter  and  stronger  light  than  any  ocber  substance, 
riirt  electric  light  was  invented  by  Sir  Humphry  Da\7  in  1S13. 

Compound  Galvanic  Circlts. — The  compound  galvanic  circle,  or  gal- 
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^•ajnc  battery,  is  composed  of  two  or  more  simple  galvanic  circles.  Tltey 
aic  so  connected  together  that  the  co[jper  of  one  battery  is  joined  to 
the  zinc  of  the  next,  and  so  on  tliroughout  the  series.  By  combining 
together  a  number  of  cups,  such  as  arc  ret)resente<l  in  fig.  n,  we  fonn 
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an  excellent  compound  circuit.  Each  cup  conlaJns  a  zinc  and  a  coppei 
pUle,  which  are  connected  together  as  described  above.  By  examining 
this  arrangement,  it  will  be  seen  that  one  extreme  of  the  scries  is  cop- 
per and  the  other  zinc  If  these  two  extremes  or  poles  are  connected 
by  a  copper  wire,  the  current  will  flow  in  the  direction  of  the  arrows. 
both  through  the  series  and  over  the  wires. 

Derived,  or  Partial,  or  Braneh  Currents. — When  a  current  in  its 
l>assage  through  any  conductor  meets  with  different  qualities  of  resist- 
ance, it  subdivides  into  variotis  branch  currents.     In  Kig.  13  the  cur- 
rent  goes  from  the  elements  through  the  wire  r,  g,  P,  n,m',  but  if  a 
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lecond  wire,  a,  Xt  g  'be  interposed,  the  current  u'ill  divide  at  g,  *i, 
part  going  by  way  of  g  and  part  around  through  .r,  r.  Tlie  divided 
currents  which  go  through  the  wires  are  called  derived  or  partial  cur- 
rents. If,  instead  of  one  or  two  wires,  a  large  number  were  interpo&cd, 
the  airrent  would  subdivide  itself  as  many  times  as  there  were  wires, 
part  going  through  each  wire. 

In  thus  dividing  into  derived  or  partial  currents,  two  laws  are 
obeyed : 

1st.  T/ie  sum  9f  the  strength  0/  the  divided  eurreni  is  equal  t9  tfu 
strength  of  the  principal  current.  If  (in  the  figure)  Ihe  strength  of  the 
current  g^  /,  n  is  40,  and  f ,  x,  n  is  60,  then  the  strength  of  Ihe  prin- 
cipal current  in  r,  g^  before  division,  is  100. 

sd.  The  strength  of  the  currents  in  the  divided  parts  is  inversely 
as  the  resistance  in  those  parts.  This  law  supplements  the  first.  Re- 
sistance is  directly  as  the  length  and  inversely  as  the  diameter. 

If  the  derived  wires  are  of  the  same  length  and  diameter  as  the  prin* 
Gi|^  wire,  tlien  the  current  will  divide  into  equal  parts  t>ctwcen  them. 
If  the  derived  wires  are  of  the  same  length  as  the  principal  wire,  but 
of  unequal  diameters,  the  current  vnW  divide  nnequally,  according  to 
the  diameter  of  each  wire.  The  law  may  be  illustrated  by  thinking  of 
the  course  that  rivers  pursue  when  they  are  subdivided  or  split  up  intc 
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deltdit.     The  quantity  of  water  that  flows  through  all  the  subdivisioRs 
or  deltas  would  be  efjual  to  the  quantity  that  flowed  through  the  naain 
rtreani  before  the  din'sions  took  place.     If  the  subdivisions  arc  of  dif- 
ferent sizes,   the  deepest  and  widest  will  convej 
the  most  water. 

When  electricity  passes  through  the  human 
body  it  encounters  tissues  that  ditTcr  considerably 
in  their  conductivity,  and  hence  it  subdivides  into 
an  infinite  number  of  derived  or  partial  currents, , 
the  strength  of  which  varies  with  the  nature  and 
length  of  the  tissues.  This  point  will  be  furthei 
ilhistratcd  in  electro-physiology  and  clectio-Uiera- 
peulic& 

Description  &f  G^hanic  Batteries. — Under  this 
head  may  properly  be  included,  fust,  a  description 
of  the  voltaic  pile.,  which  was  constructed  by  Volta 
in  1799,  and  became  known  in  England  in  iSoo. 
The  apparatus  consists  of  ;i  number  of  disks  piled 
one  above  the  other.     The  arrangement  is  in  the 
following  order  :  A  disTc  of  copper  is  placed  on  a 
frame   of  wood ;   a  dish  of  cloth,   moistened  by 
acidulated  water,  is  tlien  placed  on  the  copper, 
and  then  a  disk  of  zinc  on  the  cloth  completes 
what  is  called  the  voltaic  couple.     A  series  of 
such  couples  consiirutea  a  voltaic  pile— the  ter- 
minal copper  being  the  positive  and  the  teniiiual 
rinc  the  negative  pole. 
This  apparatus  is  inconstant  and  unreliable,  easily  corrodes,  has 
many  inconveniences,  and  Ts  now  but  little  used.  Various  nioditi cations 
tof  the  voltaic  pile  have  been  devised,  but  all  of  them  are  too  inconstant 
for  electro- therapeutical    purposes,   or  indeed   for  any  sustained   use 
whatsoever. 

Polarisation  in  Batteries. — When  two  metals,  as  zinc  and  platinum, 
arc  placed  in  acidulated  water,  the  platinum  plate  bcconics  covered 
with  a  film  of  hydrogen.  This  hydrogen  is  clcctro-posttive,  like  zinc, 
and  so  when  the  platinum  becomes  well  covered  we  have  electro-po^i. 
live  line  opposed  to  electro-positive  hydrogen,  and  thus  the  airrcnt  bo 
comes  enfeebled,  if  not  destroyed.  This  polarization  in  batteries  is  pre- 
vented  in  two  wa)*s  : 

tst.  By  keeping  the  liquids  in  constant  agitation.  Blowing  into  the 
liquid  with  a  bellows,  or  stirring  the  liquid  by  any  mechanical  airango- 
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mont,  keeps  the  surface  of  the  platinum  or  carbon  free  from  hydrogen* 
ud  thus  prevents  the  weakening  of  the  current. 

Dr.  Byrne,  in  his  galv-ano- cautery  battery  (to  be  (lescril>ed  in  the  sec- 
ttoa  on  Electro- surgery),  has  a\-ailcd  himself  of  this  depolarizing  power 
of  mechanical  agitation,  and  has  thus  succeeded  in  obtaining  agreat  and 
enduring  quantity  of  electricity  from  a  comparatively  small  surface. 

On  the  same  principle  we  explain  the  fact  that  lifting  the  meuls  out 
of  the  liquid  for  a  moment  or  two  at  once  increases  the  strength  of  the 
ctirreni.  While  in  action,  the  hydrogen  accumulates  on  the  platinum  ; 
by  removing  the  metals  from  the  liquid  an  instant,  the  hydrogen  escapes 
and  the  battery  is  as  good  as  ever. 

ad.  By  the  use  of  twa  liquids.  The  cells  of  Gro\-e,  Daniells,  and 
Bunscn,  to  be  hereafter  explained,  arc  constructed  so  as  to  avoid  polari- 
xation  of  the  metals. 

PoUtrisatton  of  Electrodes  and  Currents  of  PolariuUion. — The  elec- 
trodes that  convey  the  current  through  acidulated  water  also  become 
polarised. 

Oxygen  covers  the  positive  and  hydrogen  the  negative  electrode. 
Hydrogen  being  electro- positive,  and  oxygen  electro-negative,  these 
two  gases  act  like  two  metals,  and  if  the  current  of  the  battery  he  bro- 
ken and  the  two  films  of  ox^en  and  hydrogen  arc  connected  mctalli. 
cally,  an  electric  current  is  obtained,  just  as  a  current  is  obtained 
between  zinc  and  platinum.  In  the  liquid  the  current  flows  from  the 
film  of  hydrogen  to  the  fibn  of  oxygen.  Two  electrodes  covered  in 
tins  way  with  films  of  gas  are  called  polarized,  and  the  currents  gene- 
rated by  these  are  called  the  currents  of  pohnxatwn.  These  currents 
cf  polarization  are  always  in  a  ilirection  0|iposite  to  the  main  current, 
a&d  tend  to  interfere  with  and  weaken  it.  This  polarization  of  the 
electrodes  takes  place  more  or  less  in  all  applications  of  tlie  galvanic 
current.  One  evidence  of  this  is  (lie  discoloration  of  tlic  electrodes 
that  arc  employed  in  electrization  after  long  use.  To  meet  this  difficulty 
unfolaritabU  electrodes  have  been  devised.  These  will  be  described 
aoder  Electro  lhera[>cutics. 

Secondary  Plies  and  Gas- Batteries. — If  a  series  of  pbtes  of  plati- 
num.  with  moistened  cloths  between  ihem,  be  connected  witli  the  |io)es 
of  a  battery,  the  gases  {oxygen  and  hydrogen)  resulting  from  the  dccom- 
(>osuion  of  the  water  acctiiimlate  in  films  on  the  platinum,  if  now  the 
icries  be  sei>araicd  from  the  battery,  it  inll  itself,  through  the  action 
between  these  &I111S  of  gases,  generate  a  current.  A  pile  thus  formed 
''•stalled  a  secondary  pile.  It  was  discovereil  by  Ritier.  Tlic  gas- 
laticrv  of  Grove  is  constructed  ou  l)ie  same  principle.     The  gases  arc 
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collected  in  glass  tubes,  oxygen  in  one  and  hydr<^cn  in  the  other,  aud 
m  eacli  lube  is  fastened  a  platinum  electrode.  The  lubes  are  inverted 
over  sulphuric  acid.  When  the  electrodes  are  connected  with  a  gal- 
vanometer a  current  is  indicileil,  the  direction  of  which  is  from  oxygen 
to  hydrogen. 
There  arc  two  general  varieties  of  batteries,  donble  and  tingle  eelL 
Double-teil  Constant  Baiieries. — 'I'he  curretit  produced  by  elements 
with  a  single  liquid  becomes  rapidly  enfeebled,  because  of  the  polariza- 
tion. This  pohrizathn  is  prevente*!  in  the  double-cell  batteries 
of  Daniell,  Grove,  and  nnnsen,  by  placing  the  electro-negative  ele- 
ment in  a  liquid  that  \%  acted  upon  chemically 
by  the  deposited  hydrogen.  Ciurents  from 
these  two-celE  batteries  are  called  tensiani^ 
l>ccaiisc  they  do  not  weaken  so  rapidly  as 
r.iirrents  from  singte-cell  batteries,  and  the 
metals  can  be  allowed  to  stand  all  the  time 
in  the  solution. 

The  term  constant  is  now  applied  to  the 
galvanic  current,  however  generated,  as 
distinguished  from  the  induced  or  faradic 
current. 

Vanielts  Battery. — Fig.  15  represents  a 
single  cell.     V  is  a  glass  or  \)orcelain  vessel 
ir,o.  ,^  nearly  filled  vith   a   saturated  solution   of 

sulphate  of  copper.  C  is  a  cylinderof  CO]*- 
per,  open  at  both  ends  and  perforated  by  a  number  of  holes.  G, 
which  is  also  perforated  by  holes,  is  an  annular  sliclf  at  the  upper  por- 
tion of  the  zinc  cylinder,  upon  which  crystals  of  sulphate  of  copper  may 
be  placed  to  supply  the  waste  in  the  cell  caused  by  the  electrical  actioru 
P  is  a  thin  porous  vessel  of  unglazcd  earthenware,  containing  the 
amalgamated  cylinder  of  zinc  Z,  and  a  solution  either  of  common  salt 
or  dilute  sulphuric  acid.  The  elements  are  connected  in  series  by 
strips  of  copper,  fi  and  n,  which  are  fixed  to  the  copper  and  zinc  by 
means  of  binding-screws.  When  the  circuit  in  the  battery  jnst  de- 
scribed is  closed,  an  atom  of  zinc  replaces  and  liberates  from  thesulpli. 
icid  two  atoms  of  hydrogen,  thus  producing  sulphate  of  zinc.  The 
liberated  hydrogen  replaces  one  atom  of  copper  in  the  sulphate  of 
copper,  which  by  electrolytic  action  is  deposited  on  the  copper  element, 
or  sometimes  on  the  porous  cup.  Polarization  is  the  rcsi-stancc  to  the 
passage  of  the  current  produced  by  a  deposit  (such  as  hydrogen)  on 
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dthcr  of  the  dements.     No  such  deposit  occurs  in  this  battery,  hence 
the  currunt  is  constant 

Order  of  the  pans  io  Daniell's  sulpliate  of  copper  battery:  isl,  zinc ; 
id,  sulphuric  add ;  3d,  porous  cup ;  4th,  sulphate  of  copper ;  sth, 
copjMir. 

Zn  +  H,  SO.  +  Cu  SO,  =  Zn  SO.  +  H,  SO,  +  Cu 


The  current  obtained  from  tliis  battery  will  How  with  undi'mintsliecl 
«rcngih  for  hours,  and,  in  fact,  is  superior  to  all  its  fellows  in  con- 
stancy. Daniell's  battery  was  invented  in  1836.  The  modifications 
of  Daniell's  battery  are  quite  numerous;  among  them  we  may  men- 
tion those  of  Hill,  Siemens-Halske,  and  Muirhead. 

Graz-^s  BaiUry. — Tiiis  battery  differs  from  DanicU's  mainly  in  the 
substitution  of  a  nitric<acid  for  a  sulphate-of-coppcr  solution,  and  pla* 
tinum  for  copper,  by  which  increased  electro-motive  force  is  obtained. 
In  Fig.  t6,  A  represents  a  glass  vessel  containing  (liliitc  Rtili^unt  acid, 
't  a  cylinder  of  zinc  open  at  both  ends  and  V  a  porous  pipe-clay  vessel 
{lortially  filled  with  nitric  acid.  P  is  a  plate  of  placiuuui,  wilh  a  cover, 
C  which  rests  on  the  porous  vessel  when  the  platinum  is  immersed  in 
the  nitric-acid  solution  ;  b  and  a  arc  binding-screws,  which  connect  re- 
spectively with  the  platinum  and  zinc. 

In  this  arrangement  a  double  reaction  occms  between  the  zinc,  sul- 
phuric acid  and  nitric  acid,  giving  as  a  result,  sulphate  of  zinc,  urater  and 
nitrogen  dioxide,  which  is  disengaged,  and  by  contact  with  the  air  be- 
aiines  nitrogen  tetroxide.  The  reaction  in  Grove's  nitric-actd  battery 
Is  as  follows :  1st,  zinc ;  2d,  sulphtu-ic  acid ;  3d,  porous  cup  ;  4th,  nitric 
uid ;  Sth,  pladnum. 

Zn.  -(-  (HJSOJ,  -(-  (HNO.),  =  (Zn  SOJ,  +  N.O.  -(-  (H.  O). 

il»n  N,  O,  +  O,  =  N,  O,  by  contact  with  the  abnosphere.  Force 
must  be  lost  by  the  evolution  of  these  nitrous  fumes.  FroC  U'olcott 
CtblKs  of  Cambridge,  has  discovered  that  a  smalt  quantity  of  b'chromat^ 
of  potash  in  the  nitric-acid  cup  of  Grove's  battery  acts  as  a  deodorizer 
by  taking  up  the  disagreeable  nitrous  acid  funics-  Thus  one  of  the 
tnust  serious  objections  to  the  use  of  this  battery  is  removed. 
Grove's  battery  was  invented  in  1839.  It  is  very  powerful,  anj  is 
i 
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F  ii  a  vessel  of  glass  containing  dilute  sulphuric  acid.  Z,  a  cylinilri 
of  anialy.iiiiateil  zinc.  V,  a  porous  vessel  p-inly  filled  with  oidinary 
nitric  aciJ  ;  and  C,  a  bar  of  carbon  or  coke.  The  zinc  is  ftrsi  placed 
in  Ihe  vessel  F,  after  which  the  porous  vessel  V,  intn  the  nitric-aci'l 
soltitiori  of  which  the  carbon  C  has  been  immersed,  is  inserted  into  the 
irinc  cylinder.  The  binding-screws  m  and  «  are  respectively  the  posi- 
tive ami  negative  poles.     The  elements  are  arranged  tn  the  fonn  of  i 
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com|)oiricl  liaitcry,  by  mcaiis  of  the  clamp  m  ti,  and  a  rod  connecting 

the  carbon  of  one  cell  wiili  the  ^iiic  of  the  following. 
Buasen's  Biehromate  Battery. — In  this  battery  a  solution  of  btchra 

mate  0/  fotajh—ont  part  to  twelve  i)arts  of  water — is  placed  In  the 

)>i>rou$  cii  |>. 
The  order  of  the  parts  in  Bunsen's  Bichromate  Battery  is  as  follows : 
ist,  zinc ;  ad,  sulphuric  add ;  3d,  porous  cup ;  4lh,  sulph.  acid  and 

btdiruuiate  of  potash ;  5th,  carbon. 

Jteaethn. 

Zn,  +  (H.  SO,),  4-  K.  Cr.  O,  +  {H.  SOJ. 

=  (Zn  SOJ,  +  K.  Cr.  (SOJ.  +  (H.  O), 

Qtrome-atumt  suIpIuUe  0/ ituc,  and  water,  are  the  products.  The  ofRca 
of  the  porous  cup  is  to  keep  the  bichroniaie  of  potash  from  the  surface 
of  the  zinc,  and  thus  more  unifonuity  and  constancy  of  action  U  atuined. 

While  the  action  of  Bun-scn's  battery  is  tlic  most  energetic  of  all  the 
constant  batteries,  and  while  the  first  cost  Is  less  than  Grove's,  it  ii  yet 
more  expensive  to  work  and  more  inconvenient  to  manipulate.  Hua- 
sen's  battery  was  invented  in  1843. 

Walker's  Sinsle-eeii  Zineearbon  Battery. — In  this  battery  earbom 
is  substituted  lor  the  platinutii  of  the  Sniec  l).iHc-ry,  and  the  solution 
used  is  composed  of  bidiromatc  of  potash,  sulphiuic  acid,  and  water, 
tlie  saine  as  in  Bunsen''s  battery.  Tlie  carbon  is  usually  the  pressed 
and  baked  graphite  of  the  gas-works.  There  is  considerable  differ- 
ence in  the  qualiiy  of  the  carbon  as  sold  in  tire  market ;  the  more 
thoroughly  it  is  pressed  and  baked,  tlie  better  it  will  be.  Cirbons  thai 
bre  poorly  prc|)arcd,  or  that  contain  impurities,  easily  bccumc  soaked 
i«ilh  Huld  and  the  salts  of  the  solutions,  and  also  generate  local  currents 
that  interfere  with  the  main  current  Sometimes  the  carbons  are 
platinized,  that  Is,  coveml  with  fnicly -divided  platinum,  a$  is  the  silver 
in  the  Smee  battery.  The  proportion  of  tlie  solution  used  in  Walter's 
battery  b  as  follows  : 

Sulphuric  add, 

Bichromate  of  potasli,  £3 |l 

Water 5  '"J- 

The  reaction  is  the  same  as  in  Bunscn's  Bichromate  Batter}-  just  de- 
icribcil 

To  prc|>are  this  mixture,  add  the  sulphuric  acid  to  the  water,  and 
whin  tliis  is  eocl,  add  the  bichromate  of  potash  well  pulverized.  Do 
not  immerse  the  elements  in  the  lUiid  until  it  15  iicrfectly  eaai^  for  'ihctv 


36  ELECTRO-PHYSICS. 

hot  the  fluid  saturates  tlie  carbons  and  removes  the  amalgam  from  the 
zinc,  and  thus  injures  very  seriously  the  working  power  of  ibc  battery." 
The  proportions  uf  sulphuric  acid  and  bidiromate  of  potash  above  given 
may  be  varied  more  or  less  as  may  be  dew'ed.  Mathematical  accu- 
racy  is  not  required.  If,  however,  the  solution  is  excessively  strong. 
if  the  pro|>ortian  of  bichromate  of  jiotash  and  sulphuric  acid  is  too 
great,  say  two  or  three  times  what  is  here  given,  ihc  battery  will  wear 
away  very  rapidly  and  a  greeoishblack  deposit  will  be  found  in  the 
bottom  of  the  cells.  This  deposit,  wliich  sonietinies  forms  very  hard, 
and  is  dillicult  to  remove  without  breaking  the  glasses,  is  the  chrorue- 
aluii),  and  is  a  restilc  of  the  decomposition  of  the  salts  and  acids  that  J 
takes  place  while  the  battery  is  iii  action.  I  jkc-  the  Suiee  bacter^*,  the 
zinc-carbon  battery  will  need  to  be  occasionally  amalgamated,  but,  un- 
like the  Smee  battery,  it  does  not  require  any  mercury  in  each  cell,  and 
the  presence  of  mercury  will  give  rise  lo  local  action.  We  speak  llms 
particularly  of  the  simple  zinc-carbon  battery,  because  it  is  one  very 
widely  useit  in  electro- the raf>eu tics,  and  it  is  imjtortant  that  its  manage- 
ment should  be  well  understood.  The  galvanic  batteries  cf  Stohrcr,  of  ^ 
the  Galvano-faradic  Manufacturing  Company,  and  of  Kidder,  are  mostly  fl 
of  single-cell  zinc-carbon  elements.  The  zinc-carbon  battery,  like  \ 
Smce\  to  be  hereafter  dcbtribcd,  is  not  constanL  If  the  metals  are  kept 
long  immersed  in  tlic  solution,  the  power  rapidly  goes  down.  It  is 
necessary,  tliercforc,  to  keep  the  metats  out  of  the  solution^  except  when 
the  battery  is  in  use.  In  this  respect  the  battery  diffL-rs  verj-  much  from 
the  batteries  of  Grove,  Bunscn,  and  Lcchanchi,  where  the  metals  are 
never  removed  from  the  solution  except  to  be  cleaned  and  repaired. 

Sme/s  Battery. — This  battery,  invented  in  1840,  is  very  economical, 
convenient,  and  easy  to  manage,  and  on  that  account  has  been  con- 
siderably employed  in  electro- magnetic  apparatus.  It  consists  of  a 
plate  of  corrugated  platinum,  or  stiver  covered  with  tinely-dividcd  plati- 
num, between  the  two  plates  of  zinc,  in  a  solution  of  sulphuric  acid  and 
water  {one  part  to  ten  or  twelve). 

The  order  of  ihe  [larts  in  Sinee's  Sulphuric  Acid  Uatter)'  is  as  follows : 

ist,  zitK;  ad,  sulplutric  acid;  jd,  plniinuin. 

^eaeiian. 
Zii  +  K,  SO,  =  Zn  SO,  +  H. 

*  Tl  is  welt  linown  that  nlien  lulphuric  acid  anJ  wnJer  are  mixeil,  the  M>tttlion  l)C> 
pjincs  very  Iwl.  The  exjil^naliffli  of  tins  is  I'lai  1'-  JTiixiliK.  'lie  atoms  of  llic  watcra/e 
Rliraci«>t  ID  the  Atoms  of  llic  sul[>liutic  aiid  ;  in  oilier  wor<ls  work  it  d^ne.  TIte  vol- 
ume is  (limitiiiJKtl  S  per  cent.,  anJ  the  heat  lha.t  ippean  is  a  result  of  the  work  lliui 
pcrfwrmcii. 
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The  chemical  action  of  this  battery  U  more  rapid  than  that  of  the  sul 
phatc  of  copper  battery,  because  platinum  is  Diorc  positive  than  copper, 
whose  place  it  occupies  in  the  sulphate  of  copper  battery.  The  dis- 
engagement  of  the  hydrogea  is  effected  by  mechanical  means,  but  there 
muNt  be  a  targe  loss  of  force  in  changing  hydrogen  to  a  gaseous  state, 
precisely  as  force  is  lost  in  charging  water  to  steam. 

The  object  of  corrugating  Llic  platinum  plate,  or  making  it  into  folds 
or  furrows,  is  to  give  greater  surface.  The  object  in  covering  it  with 
fuiely -divided  platinum  is  to  roughen  the  surface  so  (liat  tlie  hydrogen 
will  not  adhere.  It  is  customary  in  using  the  battery  to  keep  about 
hair  a  tablespoonful  of  mercury  in  the  bottom  of  tlic  cu|>,  in  order  tJul 
tlie  xincsmaybe  all  the  titiie  well  amalgamated.  Care  should  be  taken, 
in  Uie  preparation  of  thib  battery,  to  prevent 
the  mercury  from  collecting  on  the  platinum 
plate.  If  by  any  carelessness  it  does  get 
on  the  platinum  plate,  it  vrill  turn  it  to  the 
color  of  nierciuy,  and  will  weaken  or  destroy 
the  foice  of  the  battery.  In  this  battery 
more  or  less  action  goes  on  even  when  the 
connections  are  not  made  ;  (his  ts  evidenced 
by  tl)c  formation  of  sulphate  of  zinc  at  die  top 
of  the  nietals  after  they  have  been  long  im- 
mersed. It  is  therefore  an  advantage  in  using 
the  battery  to  keep  the  elements  out  oj  the  so- 
lution when  not  needed  If  kept  consiinily 
immersed,  like  Danielt's  battery,  it  very  soon 
loses  its  power  and  becomes  thoroughly  incrusted  with  sulphate  of  zinc. 
Leclancft^s  Battery, — During  the  past  few  years,  this  battery  has 
attracted  great  attention  in  Europe,  both  among  telegraphists  and  elec- 
tro>tberapcutists.  The  great  advantage  that  is  claimed  for  it,  where  it 
is  not  used  too  long  at  a  time,  is  that  it  is  far  more  constant  than  any 
other  battery  yet  invented.  The  battery  was  devised  by  hcclandit.  a 
Frenchman,  in  iS(33,  and  bears  his  name.  A  Leclanche  cell  consists 
of,  isl,  a  cylinder  of  rinc  in  a  concentrated  solution  of  chloride  of  am- 
monium ;  ad,  a  rod  of  carbon,  packed  with  powdered  carbon  and  na- 
tive peroxide  of  manganese  in  a  porous  cell.  The  whole  is  closcil  wiUi 
a  cover.  The  chemical  changes  that  take  place  in  a  Lcclanch^  bat- 
tery are  these  :  Chloride  of  ammonium  is  decomposed,  chlorine  com- 
Dining  with  the  zinc,  hydrogen  being  absorbed  by  the  oxygen  of  the 
peroxide  of  manganese,  and  ammonia  being  liberated.  The  ammonia 
>"  Absorbed  by  the  water,  but  in  process  of  time  the  water  becomes 
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saturated,  then  the  ammonia  escapes  through  the  opening  in  the 
cover. 
The  chemical  romiulii  is  as  follows : 

Zn  +  (CI  tiHX  +  (Mn  O.),  =  Zn  CI,  +  H.  O  +  (NH,).  H  Mn.O, 

l.cclanchi's  battery  was  first  arranged  for  elrctro-lhera^Kutics  bj 
Gaiffii.  an  instrument-maker  of  Paris.  It  has  been  modified  by  Tripicr, 
l\\e  well-known  French  electro-therapeutist,  by  Keyser  and  Scliinidi, 
of  Berlin,  and  a  jwriable  form  has  been  devised  by  Beett,  of  Munich. 
Leclanchc's  batfcry  has  one  great  advantage  and  some  disadvantages. 
Its  advantage  lies  in  its  power  of  endurance.  If  not  overworked  it 
will  stand  for  months  and  years,  and  yet  retain  sufficient  power  to  be 
quite  useful  in  electro-therapeutics.  This  is  not  true  of  any  other 
batteiy ;  even  Daniell's,  ilie  most  constant  of  all,  and  as  variously 
modified,  requires  replenishing  or  cleaning  every  few  months,  else  it 
goes  down  to  nothing. 

Its  disadvantages  are  these  : 

ist.  It  rapidly /(»/frm«,  and  so  generates  a  secondary  current  that 
weakens  the  main  current.  This  polarization  only  takes  jilacc  when 
the  battery  is  in  action ;  if,  therefore,  the  battery  is  but  little  used,  Of 
only  occasionally,  this  disadvantage  does  not  appear. 

2d.  The  free  ammonia  that  escapes  after  llic  wnter  becomes  satn 
rated  is  anno>-ing. 

On  account  of  these  disadvantages,  I.cclanchi's  battery  has  not  been 
as  [Kjpular  among  telegraphers  as  was  at  one  lime  expected  it  would  be. 
Among  European  electro-therapeutists,  however,  it  is  considerably  used. 
It  is  aonieiimes  employed  in  electro-magnetic  or  induction  machines. 

Callaris  iron-zinc  Battery. — In  this  battery  the  positive  plate  is 
line  in  dilute  sulphuric  acid ;  the  negative  plate  is  iron  in  strong 
nitric  acid.  The  great  practical  diRiciilty  with  this  battery  is,  that 
under  certain  conditions  it  may  suddenly  and  rapidly  evolve  nitioui 
fumes.  This  complaint  has  been  made  even  by  those  who  have  adopted 
this  fomi  of  battery  in  electro-surgical  practice.  The  common  explana- 
tion that  tlic  phenomena  displayed  by  this  battery  are  due  to  the  pas. 
sivity  of  iron,  is  not  in  accordance  with  the  more  recent  doctrines  of 
physics.  'ITiis  fact  is  a  serious  objection  to  the  use  of  these  batteries 
in  electrotherapeutics.  They  have  been  employed,  however,  for  the 
piu^posc  of  g.ilvano-caiiterj . 

WeUastorCs  Ztnc-tcpper  Battery, — This  form  of  battery,  devised  b| 
tVoUaston  in  iSoi,  is  now  pretty  well  displaced  by  modern  improve 
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ments.  It  consists  of  a  copf>cr  vessel,  enclosing  a  solution  of  sulphate 
of  co;>per,  a  zinc  plate,  or  a  slicet  of  copper  folded  orar  a  piece  of 
lint,  so  as  to  have  both  faces  of  the  zinc  exposed  to  chemical  action 
mil  so  increase  (tie  quantity  of  electricity.  The  two  objections  to  the 
battery  are,  that  it  is  not  constant,  and  the  metals  mttst  be  kq>t  out  of 
the  solution  except  tviicn  in  actual  use,  and  that  the  zinc  becomes 
rapidly  corroded  with  a  deposition  that  weakens  the  force  of  the  bat* 
ttry.  This  deposition  must  be  constantly  cleared  and  scraped  off,  if 
we  would  keep  up  the  strength  of  the  current. 

The  order  of  ihe  parts  in  the  sulphate  of  copper  battery,  single  cell, 
is  as  follows:  ist,  zinc;  zd,  sulphate  of  copper;  3d,  copper. 

Reaction. 
Zn  -I-  Cu  S0«  =  Zn  So,  +  Cu 


In  this  battery  any  local  action  on  the  zinc  will  deposit  metallic 
rapper  in  the  form  of  a  black  powder  ujwn  the  zinc,  or  an  oxide  of 
cnpper,  which  forms  a  covering  on  the  surface  of  the  zinc. 

For  this  reason  the  zinc  roust  be  amalgamated  or  else  frequently 
cleaned.  Sulpliatc  of  cop|>cr  mnst  be  frcnuently  added,  so  that  the 
battery  shall  be  charged  with  a,  saturated  solution  of  that  salt ;  but  care 
must  be  taken  that  the  solution  of  sulphate  of  zinc  does  not  approach 
saturation. 

The  necessity  of  frequently  cleaning  and  Sfraplng  the  zinc  in  this 
battery  is  a  most  serious  disadvantage,  and  on  that  account  mainly  it  is 
not  to  be  recommended  to  the  electro- therapeutist. 

Water  Battery. — If  a  large  number  of  cylinders  of  zinc  and  copper 
be  immerscti  in  water  in  glxw  jars,  and  are  properly  protected  from 
light  and  dust,  a  current  of  electricity  will  be  protluced.  A  battery 
of  130  |>airs  causes  the  gold  leaves  of  the  electroscope  to  diverge,  and 
1.200  pairs  gives  a  strong  shock.  A  battery  of  2,000  or  3,000  pairs  is 
Tcry  powcifuL  Batteries  of  this  kind  have  been  constructed  by  Crosse, 
Noad,  and  Oassiot. 

These  water  batteries  will  keep  their  power  for  years,  provided  water 
is  wipplied  to  them  to  make  up  for  the  loss  from  evaporation.  They 
take  up  a  large  space,  and,  on  account  of  the  great  resistance  of  the 
water,  give  but  a  small  quantity  0/  electricity.  For  these  two  reasons 
they  offer  no  advantage  for  medical  use. 

Marine  Battery. — A  sea-water  or  marine  batteiy  has  been  constructed 
by  Duchemin,  of  France.  A  cylinder  of  carbon  and  zinc,  attached 
!o  a  cork,  is  put  into  the  sea,  and  connected  with  the  shore  by  con 
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ductinj;  wires.  As  (he  ocean  furnishes  the  exciting  fluid,  it  necd>  no 
icplcnishirg.  It  was  hot>cd  that  a  battery  of  this  kind  might  be  of 
ftuHicient  strength  to  furnish  an  electric  light  for  light-houses.  This 
hope,  so  far  as  we  know,  has  not  been  realized. 

Dry  Pile. — Dry  piles  have,  instead  of  liiiuids,  some  solid  hygrometric 
iobstances,  as  paper  or  leather.  There  are  many  varieties  of  dry 
piles.  Those  of  Zamboni,  which  are  best  known,  are  comfmscd  of 
■  in  or  silver  and  binoxide  of  manganese.  A  piece  of  jiaper  is  tinned 
or  silvered  on  one  side,  and  the  other  side  is  covered  with  powdered 
binoxide  of  manganese,  T^ese  sheets  are  cut  into  disks,  about  one 
inch  in  diameter,  and  arranged  so  that  die  tin  or  silver  of  each  disk  is 
in  contact  %vith  the  niaiiganese  of  the  next  in  the  series.  A  Zaiuboni 
pile  of  200  couples  is  very  feeble  and  slow  in  its  action,  but  it  can 
charge  a  Leyden  jar,  and  it  is  quite  permanent.  ' 

Instruments  for  J^famring  Electricity. ^-"Yhe  instruments  for  mea- 
suring electricity  arc  quite  numerous,  and  some  of  them  are  very 
delicate.  It  is  necessary  here  to  describe  only  a  sufficient  number  tc 
fllustrate  the  principles  involved. 

TTte  Voltameter. — The  voltameter  is  an  instniment  devised  by  Kara- 
day  to  measure  the  strength  of  the  galvanic  current.  It  is  a  graduated 
tube  that  receives  and  accurately  tnexsitrcs  the  quantity  of  gas  that  is 
generated  by  tfie  decomposition  of  water  by  the  current  in  a  given 
time. 

In  Fig.  if>  the  platinum  needles  connected  with  the  poles  of  the  bat- 
tery are  inserted  through  the  cork,  at  the  end  of  the  tube.  The  gases 
that  result  from  the  electrolysis  rise  to  the  top,  as  the  tube  is  held  up. 
ri^t,  and  repel  the  water  through  a  hole  In  the  cork. 
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This  is  a  very  tnistworihy  method  of  measuring  currents  and  of 
comparing  batteries.  If  we  wish  to  ascertain  how  one  battery  com- 
pares with  another  in  strength,  or  whether  a  battery  has  weakened  b> 
use  or  long  standing,  or  whether  the  strength  ia  sufficient  for  a  jiowcr 
ful  electrolytic  operation,  the  voltameter  will  give  us  precisely  the  infor- 
mation we  seek. 

Galvanomfters.— K  galvanometer  is  an  instrument  for  indicating  the 
presence  and  direction  of  a  current,  and  for  measuring  its  strength. 
lliere  are  several  varieties  of  galvanometers,  but  all  are  constructed  or 
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(he  Mmt  general  principle— a  magntt  fretiy  hung  so  as  to  be  deflected  by 
the  passage  of  a  current  through  a  eoil  of  insulated  wire.  Oa]%'anoin- 
etcrs  with  a  long  coil — iomctinies  called  "tension"  galvanometers— 
are  used  to  measure  circuits  of  large  resistance.  Galvatiomciers  witli  u 
Bhort  coil — sometimes  called  "  quantity  "  galvanometers — ore  used  to 
measure  circuits  of  small  resistance.  The  explanation  of  this  difference 
will  appear  in  the  chapter  on  Ohni'»  law. 
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Astatic  Gaivanomeier . — lliis  form  of  galvanometer  is  used  cither  to 
detect  the  »mple  presence  of  a  current,  or  to  measure  the  strength  of  a 
weak  current.  I^t  A  and  B,  Kig.  20,  represent  two  needles  of  about 
equal  strength,  having  the  same  axis,  and  having  their  poles  reversed 
in  reference  to  each  other.  The  needles  will  settle  a  very  liMle  in  the 
meridian,  from  the  fact  that  one  of  them  is  very  slightly  more  highly 
nugnetized  than  the  other. 

C  is  an  insulated  wire,  bent  around  the  lower  needle  several  times. 
When  a  current  is  passed  through  this  wire,  the  needles  will  be  iullu- 
enced  to  turn  in  the  same  direction.  In  this  way  the  passage  of  the 
most  feeble  current  may  W  detected.  In  connection  with  a  thermo- 
electric pile,  this  instnimcnt  is  capable  of  indicating  a  cliangc  of  tem- 
perature of  only  a  very  small  fraction  of  a  degree.  Galvanometers 
which  have  a  long  resistance  coil,  and  in  which  a  branch  resistance  coil, 
or  **  shunt,"  as  it  is  called,  is  interposed,  may  be  used  to  measure 
itreng  currents  (see  chapter  on  Ohm's  Law),  and  arc  therefore  con- 
venient in  comparing  batteries.  A  galvanometer  of  this  kind  that  we 
employ  will  be  dL-scribed  under  electro -therapeutics, 

TTtonisotit  Reflecting  Gahanometer. — Sir  William  Tliomson  has  done 
much  to  advance  tlie  science  of  electrology  by  llie  construction  of 
lus  reflecting  or  mirror  galvanometer,  which  will  indicate  the  presence 
uf  very  slight  currents.  This  instnunent  con-sists  of  the  co^ls  of  a  gal- 
vanometer, between  which  are  suspended,  by  a  single  silk  fibre,  a 
iiiixror  and  magnet,  which,  when  it  moves  under  the  iniluencc  of  a  cur- 
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letil,  is  reficctei  through  a  lens  on  a  graduated  seal-  placed  at  a  Utile 
distance  in  front  of  it.  A  lamp  is  placed  behind  the  screen,  which 
contains  a  slit,  iJirough  which  the  light  passes  to  the  mirror,  from 
vrhich  it  is  retlecleU  back  on  the  graduated  scale.  \V'hcn  the  magnet 
t«  deflected  by  the  passage  of  a  current  through  the  coil,  the  image 
moves  to  the  right  or  left  along  the  scale,  the  angle  made  by  the  re- 
flected image  being  twice  the  angle  through  which  the  mirror  ant! 
magnet  are  deflected.  A  very  smali  defiedion  of  the  magnet  pro- 
dtues  a  very  great  displacement  of  the  refiected  itnage  en  the  screen^  and 
thus  a  very  slight  current  can  be  detected. 

Tiiis  instrument,  as  that  of  Wiedmann,  of  Germany,  is  much  used 
in  delicate  electro-physiological  researches. 

Jiheostafes :  Instrumtnts  for  Meaturing  Reslstanee. — The  rheostat, 
an  inslrument  invented  by  UTieatstone,  was  originally  designed  to 
ascertain  the  relative  amount  of  resistance  of  difl'ercnt  conductors.  In 
electro- therapeutics  it  is  emi^Ioycd  to  interpose  resistances  in  the  circuit, 
etc..  so  35  to  delicately  modify  the  strength  of  the  current  within  small 
fractions  of  ilic  strength  of  an  element. 

In  clectro.physiological  investigations,  as  also  in  certain  branches  of 
electro- liierapeittics — particularly  in  app)icalioiis  to  Uie  ear — rheostates 
have  been  used.  The  form  eniiiloycd  liy  Brenner  and  others,  and  also 
the  w.iter-rhcostai,  wiil  be  described  in  electro  therapeutics. 

Early  History  of  Galvanism. — Indie  year  1786,  while  Calvani,  Pro- 
fessor at  Bologna,  was  experimenting  with  an  old-fashioned  electrical 
machine  that  l.iy  near  a  dit>h  of  frogs  that  had  been  prepared,  it  is 
stated,  for  his  sick  wife,  lie  noticed  that  the  frogs  jumped  whenever  a 
Spark  was  drawn  from  the  conductor  of  the  machine.  On  observing 
this,  it  occurred  to  him  that  pediaps  he  had  found  a  means  of  detect- 
ing atmospheric  electricity  more  delicate  than  he  had  previously  env 
ployed.  In  order  10  test  this,  Calvani  took  the  disli  uf  frogs,  and,  with 
his  neii^hbor  Camillo,  went  out  on  the  terrace  of  his  house.*  It  was 
a  clear  evening  in  the  early  part  of  September,  and  no  marked  elec- 
tric phenomena  were  apparent  in  the  air.  Fixing  an  iron  hook  in  the 
spine  of  each  frog,  he  suspended  it  &om  the  iron  railing. 

Behold  spontaneous  movements  appeared  in  the  frogs^  various  in 
their  character  and  quite  frequent  I 

That  moment  was  the  birth  of  the  science  of  Galvanism.  At  once 
there  flashed  on  the  mind  of  Calvam  the  query,  Whut  causes  these  con* 
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tractions  I  There  n  ere  no  electric  disturbances  in  the  air  ;  the  electric 
(uacliioe  was  far  away  in<i(le  the  house.  Could  there  he  electricity  in  the 
frogs  themselves?  In  tiic  history  of  science  it  often  hai>i>cns  that  a 
theory  partly  false  guides  us  into  facts  that  are  wholly  true.  Thus  it 
happened  to  Oalvani. 

From  that  moment  until  he  died,  he  lived  in  an  atmosphere  of  ex- 
periment. Krogs  without  number  were  slaughtered,  and  all  for  (he 
purpose  of  proving  to  liimself  and  others  that  it  was  animal  <U(trieUy 
that  caused  these  contractions. 

Galvani's  researclies,  as  soon  as  ihcy  were  made  public,  in  1791,  exp 
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dted  great  interest  among  scientiiic  men,  and  inspired  him  to  make 
anotlicr  attempt  to  master  the  mysteries  of  electricity.  At  the  time 
when  Galvani  made  his  discovery,  the  interest  excited  by  the  discovery 
of  the  1-eydcn  jar  ami  Franklin's  kite,  about  forty  years  previously, 
had  died  oat.  Philosophers  had  followed  the  vein  thus  opened,  about 
as  far  as  it  seemed  to  lead.  They  supposed  that  the  battles  of  eleo 
Iricity  were  all  fought  out,  and  so  they  were  laying  aside  their  armor. 
On  the  announcement  of  Gal%'am'8  discovery,  his  cxpcrinients  were  rfr 
pealed  all  over  Europe,  and  the  theory  that  the  contractions  of  the  mus- 
cles of  the  frog  were  due  to  animal  electricity  was  universally  adopted. 
VoUds  Resf arches  :  The  Theory  of  Contact  and  Chemical  Actien.^^ 
Among  those  who  were  stimulated  by  the  discovery  of  Galvani,  was 


44 


ELECTRO-PHYSICS, 


Volta,  Professor  of  Physics  in  Pavia,  Italy,  who  had  already  b«cn  long 
distinguished  as  an  electrical  experimenter,  and  who,  in  the  knowledge 
of  this  special  branch,  was  far  superior  to  Gai\'aiii. 

At  first  Votta  accepted  Galvani's  theory  of  animal  eUctrieit^',  but 
subsequent  research  caused  him  to  doubt  its  truth.  He  observed  that 
il  was  onlv  by  means  oK  heierogeneous  metals  Ihal  muscular  contraciioni 
could  invariably  be  produced,  and  hence  he  denied  the  existence  of 
animal  electricity,  explaining  the  phenomenon  of  muscular  contractions 
througii  the  iniliicnce  of  the  artificial  electricity  excited  by  a  heteroge- 
neous metallic  combination.* 

Galvani  then  not  onlj  demonstrated  Ihal  contractions  could  rua^lily 
be  caused  by  exactly  homogeneous  metals,  but  that  the  phenomenon 
was  produced  by  the  simple  contact  of  nerve  and  muscle.  His  manner 
of  experimenting  was  as  follows :  The  leg  of  a  frog,  denuded  of  its  skin, 
had  its  sciatic  nerves  cut  at  their  exit  from  the  vertebral  colunm.  The 
nerves  thus  denuded  were  taken  gently  up  by  some  non-conductor  and 
nude  to  touch  one  of  the  muscles,  when  the  leg  would  immediately 
become  convulsed.  Volta  enijcai-orcd  to  prove  that  the  concussion 
caused  by  the  contact  of  nerve  and  muscle  was  the  cause  of  the  electric 
current  thus  produced  ;  but  Galvani  conclusively  demonstrated  that  such 
could  not  be  the  case,  by  placing  a  non  conductor  between  the  two  tis- 
sues, when  no  action  could  be  excited  in  the  leg.  He  went  further, 
and  at  last  succeeded  in  producing  muscular  contractions  when  only  the 
nerves  of  oon-prcparcd  legs  were  brought  in  contact. 

The  discovery  of  the  Voltaic  ]>il;e,  which  excited  great  interest  in 
men  of  science,  seemed  to  dei:i<l«,'  the  batde  for  Volli,  and  all  the 
efforts  of  Galvani  to  convince  philoso]>hers  of  the  existence  of  animal 
electricity  were  m  vain.  Galvani's  first  observations  on  frogs  dales  back 
as  far  is  17S0.      He  first  published  his  researches  in  1791. 

Volta  did  not  undertake  the  investigation  of  the  subject  until  1792, 
the  year  following  the  publication  of  the  researches  of  Galvani.  And 
yet  Volta  has  almost  equal  claim  to  l>e  the  founder  of  the  science  of 
galvanism  ;  for  while  Galvani  discovcretl  the  new  manifestation  of 
electricity,  he  failed  to  comprehend  its  true  value,  while  Volta,  by  Uie 
discovery  of  the  pile  which  bears  his  name,  demon strated  what  Galvani 
would  never  believe,  but  which  Prof.  Fabroni,  of  Florence,  had  in  179a 
suggested,  that  chei  lical  action  was  ihe  source  of  the  electricity  in  Gal- 
vani's experiments. 

•  The  Iheoiy  ili«t  the  eatperiment  of  Gtilnni  could  be  exflabed  by  chemical  actljs 
wat  first  ni|;g«ttet]  bf  Prof.  Fabroni,  of  Klorenee,  ia  1792. 
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KLBCTROLVSIS   (  E  I.  F.CTRO -CHEMISTRY). 


ELecntot.vsis,  ilcnvcd  fiom  ^\un-/>ac  and  XJu,  through  Aii^k,  ditcn 
tfaging,  is  the  act  or  procest  oj  decompoting  a  coiNpaund  tub  stance  b^ 
eii(iri(Uy. 

Electro-chemical  (iccoin position  takes  place  at  both  poles,  but  with 
different  products  and  niaiiifcstailo)i&,  according  to  the  strength  of  the 
current,  the  natitrc  of  the  substances  acted  ui>on,  and  Uie  material  of 
which  the  electrodes  are  composed. 

JliilPiy  oJ  JiUitrolysis. — The  clieiuical  effects  of  stattcai  eUetrieUj 
were  (iriit  investigated  by  Drs.  Priestley  and  Cavendish,  in  1784.  The 
dccom]>osilion  of  water  by  passing  through  it  a  succession  of  discharges 
of  statical  clcctrictiy  was  first  discovered,  in  1 789,  by  Messrs,  Dicnian, 
Paetz,  Van  Trooslw)xk,  and  Culhbertson.  The  power  of  tlic  gaifanic 
current  to  decoui]rosc  wu.ter  was  discovcrtrd  and  f\iiX  described  by 
Messrs.  Nicholson  and  Carlisle,  in  1800.  T2iey  experimented  with  the 
voltaic  pile,  which  had  then  just  been  discovered.  These  cKperiments 
ers  %\i(>  decomposed  other  substances  by  the  galvanic  current.  On 
Nov.  20,  1806,  Sir  Hiinijjhry  Davy  [ircscnlcd  lo  the  Royal  Socic^  a 
Iccttire  '*  On  some  Chemical  Agencies  of  Electricity,"  and  in  the  fol- 
lowing year  he  announced  his  discovery  of  the  decomposition  of  the 
6xcd  alkalies.  Between  1S31  and  tS4o  Faraday  published  his  "  Ex- 
petimeitlal  Researches  in  Eieitrieiiy,"  in  one  of  the  most  remarkable 
scries  of  scientific  essays  that  ever  proceeded  from  the  pen  of  man. 

Terminology  0/  Electrdysis. — With  the  aid  of  two  friends,  Faraday 
preiMircd  llie  following  terminology  of  electrolysis,  which  is  now  gener- 
ally adopted.  The  ijolcs  where  the  electricity  josses  in  and  out  of  the 
body  tnat  is  un(?crgoiug  decomposition  arc  called  eJeilrodes  (iJXticf/Kn', 
and  o6»c  way).  Tiie  surface  where  the  current  enters  the  decompos- 
ing body  U  called  tlie  anade  (am,  upward,  and  v£<k,  way)  ;  the  surface 
where  the  current  leaves  the  dccuni]>osing  bo<1y  is  called  llie  tatkodl 
(ouTo,  downward,  and  u2ik,  way).  The  anade  is  in  contact  witli  the 
ftiUite  pole  and  the  eatlwde wth  the  negative. 
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Praclically,  anode  is  used  as  synonynious  wiih  positive  pole,  and 
cathode  mtii  negative,  although,  strictly  speaking,  anode  and  cathoite 
refer  to  (he  p^i/iti  of  Ihe  diiomposiug  itufy,  and  iio>iiivc  and  negative 
to  the/a/ts  of  the  battery  that  are  in  contact  with  these. 

Conifiound  subslances  tliat  are  directly  decomposable  b>'  the  current 
are  called  eUctrolytft  (yiKtKtpov,  and  Xwm,  titcoiniKJse).  To  eiedrolyzt 
a  body  ii  to  cheiiixally  dccom]>05e  it  by  the  current.  The  act  of  fro* 
ducin^  electrolysis  is  called  eUitralyzation. 

The  elements  of  an  electrolyte  are  termed  i&ni,  (<t«i',  participle  of 
the  verb  <'^  to  go).  Those  iom  that  aii|»ear  at  the  anode  are  ternieU 
anions,  those  which  appear  at  the  cathode  arc  termed  cations.  Fo^ 
tncrly  anions  were  termed  electro -negative,  and  cations  the  electro-posi- 
tive elements  of  the  comiwund.  Water,  for  pxanipic,  is  an  electrolyte 
that  evolves  two  ions — oxygen  and  hydrogen  ;  oxygen  goes  to  the 
anode  and  is  the  anion  ;  hydrogen  goes  to  the  cjtliode  and  is  the 
cation. 

No  substance  can  be  an  electrolyte  which  is  not  a  conductor  j  but 
in  the  readiness  with  which  they  are  decomposed  substances  vridely 
vary.  Every  electrolyte  must  contain  more  or  less  of  water.  Pure 
water,  though  an  electrolyte,  is  yet  decomposed  only  with  great  diffi- 
culty ;  but  by  adding  to  it  a  little  sulphuric  acid,  or  certain  salts,  it  very 
ca^iily  undergoes  electrolysis.  It  is  furtlierniorc  believed  diat  no  fluid 
can  be  a  conductor  without  also  being  an  electrolyte ;  th:tl  is,  more  or 
less  electro-chemical  decomposition  nmst  take  place  when  the  galvanic 
current  passes  through  any  fluid.  Substances  that  are  found  to  be  ready 
electrolytes  arc  chloride  of  sodium,  inuriauc  acid,  and  iodide  of  potas- 
sium. 

Laws  of  Electrolysis. — AlthongH  electrolysis,  like  all  other  phe* 
oomcna  connected  with  atomic  changes,  is  but  impcifccily  understood, 
yet  some  of  the  general  laws  of  its  operation  have  been  already  well 
aicertaincd. 

Among  the  more  imfwrtant  of  lliese  laws  the  fultoning  may  be  enu- 
merated : 

I.  Definite  Eleetrthehemieal  Action. — It  has  been  found  that  when 
Mveral  substances  are  simultaneously  decomposed  by  the  current,  the 
elements  that  are  evolved  are  definite  in  quantity  and  are  electro- 
chemical equivalents  of  each  other.  This  law,  which  was  discovered  by 
Faraday,  may  be  thus  illustrated.  Let  the  current  be  sent  successively 
through  a  series  of  cells  filled  nith  oxide  of  lead,  chloride  of  lead,  and 
cldoride  of  silver,  llie  different  substances  would  combine  in  llie  fol 
lowing  proportions  : 
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At  [he  Pontive  IV>le. 

Water. 8  grs,  oxygen. 

Oxide  of  lead 8 

Chloride  of  lead ...     35.5  grs.  chlorine, 
loilide  of  lead. ....   ivj  grs.  toditie. 
Chloride  of  silver..     35.5  grs.  chlorine. 


At  iht  yc^LtTC  Polfc 
I  gr.  hj'drogen. 
113.5  grs.  lead. 

103-5       '* 
loS  grs.  silver. 


These  numbers,  It  will  be  seen,  represent  the  combining  proiwrtiont 
of  these  substances. 

Sub!>tances  combine  in  equivalent  proporuons  ;  they  arc  dccoiiii>osed 
in  the  same  equivalent  piotxirlions. 

7.  Primary  an  J  Sfeo'ulary  Resulfs. — ^I'hc  results  of  electrolytic  action 
are  distinguished  li  primary  and  secondary.  The  results  are  called  firi- 
maiy  when  the  elements  that  are  decomposed  appear  at  the  electrodes 
unchanged  and  uncouibined ;  die  results  arc  called  setomlary  when 
thft  eteuienis  dial  are  decouijwsei!  arc  changed  or  recunitiined  when  they 
appear  at  the  electrodes,  llic  secondary  results  arc  favored  by  the 
tiasceat  condition  of  the  elements  that  are  decomposed.  The  scccmdaiy 
results  are  caused  by  the  action  of  the  decomposed  elements  on  die  sub- 
stance of  the  electrode,  or  on  the  substance  itself  that  is  undergoing 
dcconiposition.  Even  the  decomposition  of  water,  when  ililutcd  willi  sn|. 
phunc  acid,  is  really  a  secondary  resulL  Perfectly  pure  distilled  water 
does  not  perceptibly  decompose  even  under  t;uiie  a  strong  cunent.  If  a 
fc«  drops  of  sulphuric  gases  are  added,  the  acids  are  freely  disengaged. 
Tlie  sulphuric  acid  H,SO,  is  disengaged  by  the  current  into  H,  at  the 
negative  and  SO.  at  the  i)Osirive  pole  \   the  former  H,  is  liberated, 

Cand  the  latter  SO,  at  tlie  pusitive  pole  acts  on  the  water  and  forms 
sulphuric  acid  again.  Secondary  decomposition  is  modified  by  the 
material  of  which  each  electrode  is  composed.  Thus  in  decumpoAing 
suli>huric  acid,  when  the  [wstiive  electrode  is  made  nf  carbon,  the  oxy- 

^gcn  deconi|>ose<l  acts  on  the  carbon,  forming  carbonic  acid  and  carbonic 
Oxide.  Klcctro-chemical  action  continued  for  weclt,-!,  months,  and  years, 
as  was  done  by  that  very  laborious  experimenter,  Mr.  Crosse,  of  Broom* 
fieUI,  may  produce  as  secondary  results  interesting  minerals,  such  a' 
quartz,  arragonite,  malachite.  During  these  experiments  in  electrA. 
crystallization  Mr.  Crosse  discovered  that  remarkable  insect,  th? 
ttfarus,  which  appeared  in  electrized  solutions  of  sulphate  of  iron, 
tuljihatc  of  zinc,  and  nitrate  and  sulphate  of  copper.     It  was  supposed 

^ttuit  die  acoii  arose  frum  ova  deposited  by  insects  floating  in  the  at- 

rDtos|>here,  and  that  ihcy  might  possibly  be  liatched  by  electric  action. 
As  a  reward  for  this  discover)-,  which  now  seems  to  be  almost  forgolleD) 
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Mr.  Crosse  was  subjected  to  absurd  and  oulrt^cous  abuse,  as  though 
he  were  infringing  on  die  preroyativea  of  tlie  Creator.  Mr.  Weekes,  of 
Sandwich,  in  Kent,  subsequeatly  repeated  the  experiments  of  Crosse  by 
passing  electrical  currents  through  silicate  of  potash  in  glass  receivers 
over  mcrcur}-.  All  posssiblc  core  was  taken  to  keep  out  foreign  matter. 
After  a  constant  action  of  a  year,  insects  appeared,  entirely  similar  lo 
those  obtained  by  Mr.  Crosse.  The  nielallic  deposits  in  electro  metal- 
lizing are  the  secondary  results  of  the  electro  chemical  decomposition. 
Water  is  clecirolyzed,  hydrogen  is  disengaged  at  the  cathode,  and  oxy- 
gen at  the  anode;  but  the  hydrogen  reacts  on  the  nietaUic  solution. 
combines  wiili  its  oxygen,  and  frees  the  metal.  Tbe  oxygen  also  com- 
bines with  an  element  at  tUe  anode.  In  the  section  on  Electro-Surgeiy 
it  will  be  found  Uiat  the  sctondary  decomposition  is  utilized  in  tltc  selec- 
tion of  the  material  used  for  needles  in  galvano-puncturc. 

3.  The  Differaiiial  Action  of  ihi  Polen. — Different  elements  go  to  tlie 
anode  and  the  catl^ode,  according  to  the  nature  of  the  substance  dc- 
cuinposed  and  tlie  material  uf  which  the  electrode  is  made. 

Phtinum-ttnre  makes  the  best  electrode  for  electrolytic  experiments 
un  various  substances,  because  platinum  is  not  acted  on.  Cm>{)er  and 
silver  wire  may  be  used,  bat  the  secondary  action  which  they  cause 
greatly  complicates  the  expcrimcnL 

To  distinguish  the  prcciiic  character  of  Uie  changes  that  take  place  in 
the  electrolysis  of  many  substances  is  frcqucndy  difficult,  and  sometimes 
impossible.  It  is  ditlBcult  to  decide  whether  any  of  ihe  elements  of  the 
electrolyte,  besides  water,  undergo  decomposition  ;  and  whether  the 
changes  arc  of  a  priuiary  or  secondary  ctiaracter. 

Among  the  substances  that  arc  mrst  readily  decomposed  by  the  elec- 
tric current  are  the  following  : 

Iodide  0/ Potassium. — This  decomposes  under  a  very  feeble  current, 
the  iodine  and  oxygen  going  to  the  positive  and  the  hydrogen  and  al* 
kali  to  the  negative.  Thus  the  decomposition  of  iodide  of  potassium 
by  electricity  affords  a  very  good  means  of  distinguishing  the  poles. 
The  brown  color  of  Uic  iodine  always  appears  at  the  positive  pole.  The 
whole  solution  soon  presents  the  color  of  iodine. 

Chhride  0/  Sodium. — A  solution  of  common  salt  decomposes  qiiite 
readily,  chlorine  appearing  at  the  positive  and  hydrogen  and  ovide  of 
sodium  at  tlie  negative  pole.  If  the  positive  needle  is  platinum,  tlie 
odi'r  of  chlorine  is  at  once  detected;  if  it  is  of  copjicr,  tlie  clilorine 
unites  with  the  copper,  making  the  solution  turbid. 

Acetate  of  Lead. — This  salt  in  solution  decomposes  with  comparative 
clowneis  by  secondary  action,  peroxide  of  lead  appearing  at  the  posi 
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dvtf  pole,  and  hanging  from  it  in  light  iFircads  or  masses.    The  water 
frequently  decoinposes  before  the  lead  yielils  at  all. 

jVffAi/is  Iris'Rmgi. — It  is  by  the  electrolysis  of  lead  thai  the  beau- 
tiTtil  iris-rings  arc  produced.  A  polished  steel  plate  is  put  in  a  dilute 
solution  of  acetate  of  lead.  The  steel  plate  is  connected  with  the 
ixwitive  pole  of  a  galvanic  battery,  while  a  wire,  connected  with  the 
negative  |>olc,  is  put  in  the  solution.  Peroxide  of  lead  is  at*  once  ttbe- 
raicd  on  the  steel  beneath  (he  wire,  and  a  ftlin  extends  outward,  but 
growing  thinner  aiul  thinner.  I'hus  a  scries  of  concentric  circles  is 
formed  cxliihiting  bright  iris  colors. 

Nifrie  Add. — Strong  'c\\Xt\c  acid  conducts  well  and  decomposes,  oxjr- 
gen  appearing  at  the  positive  pole,  nitrous  acid  and  nitric  oxyd  at  the 
negaiive  pole.     Dissolution  takes  place,  and  the  water  becomes  yellow. 

Nitrate  of  Pi^iish.—'V\x&  is  a  good  conductor,  and  jiclds  secondary 
results. 

Sulphuroui  Acid. — This,  when  diluted,  )*ields  oxygen  at  the  positive 
pole,  and  hydrogen  and  sulphur  at  llie  negative. 

Suifhuric  -4rt«^.— This  yields  sulphur  at  the  negative  pole,  and  pto- 
doces  secondar)'  results. 

Mitriat'ti  Ac'ui.^K  strong  solution  of  this  yields  hydrogen  at  the 
negative  pole,  and  chlorine  at  llie  positive  pole. 

Bltctro-metallurgy. — Electro-metallurgy,  or  tile  art  of  precipitating 
metals  from  their  solutions  by  the  galvanic  current,  is  a  result  of  the 
discovery  of  electrolysis — is  indeed  itself  simply  an  electrolytic  pro- 
cess. There  are  two  divisions  of  this  art ^^leci  retyping  and  electro- 
plating. 'ITic  art  of  electro  metallurgy  was  discoveretl,  independently, 
by  Spencer,  in  England,  and  Jacobi,  in  Petersburg,  in  1837.  Electro- 
gilding  was  discovered  by  Brugnatclli,  a  pupil  of  Volta,  but  w.is  first 
used  by  -M.  de  la  Rive. 

JTtt&ry  af  Electroly$is. — The  theory  of  electrolysis  at  present  accepted 
is  the  following :  In  every  compound  one  of  the  clmients  is  electro 
|«>siiive,  (he  other,  clcciro  negative.  Under  the  influence  of  the 
opiKising  electricities  &om  the  electrodes,  decomposition  and  reconiim- 
■tion  go  on  from  one  pole  to  the  other.  But  tliese  decomposition*  an<I 
rctom  posit  ions  are  seen  only  at  tlu  eUctrodes. 

This  may  be  illustrated  by  the  electrolysis  of  water.  Water  is  com- 
posed of  one  atom  of  oxygen  and  two  atoms  of  hydrogen.  Oxygen  is 
(lectro-ncgative  and  hydrogen  is  eleclro-positive. 

H'hcn,  now,  the  electrodes  are  dipped  in  water,  the  electro-negative 
ai}-gen  of  the  molecule  a  (Fig.  aa)  is  attracted  to  the  positive  pole,  and 
cicctro-posilivc  hydrogen  is  repelled, 
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The  oxygen  U  then  given  off  at  the  positive  pole,  while  the  liberated 
hydrogen  unites  itself  with  the  next  atom  of  oxygen  of  the  molecule 

^,  while  the  original  atom  of  hy< 
drogcn  is  expelled. 

This  atom  of  hydrogen  unitn 
with  the  oxygen  of  the  molecule 
€,  drives  out  the  hj-drogen  with 
'■"•-"  which  that  atom  had  been  pre- 

viously combined,  and  so  on  through  the  whole  series  of  molecules 
until  the  negative  ]iole  is  reached.  Here  the  hydrogen  has  no  more 
oxygen  to  combine  with,  so  it  is  liberated  as  gas. 

The  electrolysis  of  all  other  electrolytes  is  similarly  explained.  This 
simple  and  ingenious  theory  was  devised  by  GrotthUss. 

Decompi}ied  EUments  appear  0nly  at  the  Eiectredes.—ln  electrolysis 
llie  elements  decontjKJsetl  apjiear  only  at  the  electrodes ;  the  interme- 
diate region  presents  no  change,  although,  of  course,  it  must  be  trav- 
ersed by  the  dccoi  11  petitions  that  occur.  This  is  illustrated  by  the 
following  ex|>erimcnt  of  Davy  :  Three  vessels  arc  connected  by  a  cot- 
inn  wick  thoroughly  moistened.  In  one  vessel  is  placed  an  alkaline  salt, 
and  in  the  other  two,  water.  The  liquid  of  all  three  vessels  is  colored 
with  synip  of  violets.  Wlicn  the  galvanic  current  is  made  to  pass  through 
the  vessels,  the  liquid  at  the  negative  pole  becomes  green,  and  the 
liquid  at  the  iwsitivc  becomes  red,  demonstrating  that  the  acid  goes  to 
the  positive  and  the  alkaline  base  to  the  negative  pole.  The  fluid  in 
the  middle  vessel  suffered  no  change  of  color,  although  it  nmst  have 
been  traversed  by  the  acid  in  the  solution. 

Eleeirolysis  compared  with  the  Rcaetions  in  the  Batteries. — It  will  be 
observed  that  the  chemical  action  that  takes  place  in  the  fluids  of  any 
battery  is  simitar  to  electrolysis.  The  two  are,  indeed,  facts  of  pre* 
cisely  the  same  nature.  The  action  in  the  battery  is  accompanied  by 
an  electric  current ;  the  action  in  etectiolysis  occurs  as  a  result  of  the 
passage  of  a  current. 

In  the  section  on  Electro  Surgery  it  will  be  shown  that  all  these  pliy- 
sical  laws  of  clectr>lysis  hav*  a  direct  and  necessary  bearing  on  the  use 
of  electrolyas  in  surgery. 


CHAPTER  V. 

INDUCED  ELKCIRHITV— CURRENT  AND  MAGNETO-ISDUCTION — ELECTRa 
MAGNETISM— THERMOELECTRIC    DATTERlJiS. 


Induced  EitftrUUy,  er  EUctro-Magneiiim  :  EUeiro  dynamical  Indue- 
titm. — We  Iiave  seen  that  induction  means  the  action  that  electrified 
bodies  exert  on  oilier  bodies  at  a  distance.  Klectro-statical  induction 
has  already  been  treated  uf.  We  have  now  to  speak  o(  the  induction 
of  ciirrcnt-elcctricitjr. 

Prof.  Oersted,  of  Copenhagen,  first  observed  that  the  electric  cur- 
rent, brought  near  a  inaj^netic  needle,  caused  it  to  deflect.  This  was 
the  earliest  observation  in  electro  magnetism. 

Philosophers  at  once  set  themselves  at  work  to  explain  this  phenome- 
non. The  discovery  was  not  an  accidciital  one  on  the  part  of  Oersted. 
For  years  he  had  been  occu]iied  with  the  study  of  electro-physics,  and 
as  early  as  1807  he  had  published  a  work  in  which  he  staled  that  he 
purposed  to  ascertain  whether  electricity  in  its  most  latent  state  had 
any  effect  on  the  magnet.  His  first  discovery  that  the  needle  had  a 
tendency  to  place  itself  at  right  angles  to  the  wire  in  which  a  current  was 
passing;,  was  a  natural  sequence  and  confirmation  of  his  early  researches. 
This  discovery  by  Oersted  formed  another  era  in  the  science  of  elec- 
tricity ;  for  in  1820  the  enthusiasm  caused  by  the  discoveries  of  Galvani 
ud  Volta  bad  subsided,  just  as  the  enthusiasm  caused  by  the  Leyden 
jar  and  Franklin's  kite  had  died  away  when  Galvani  made  his  renowned 
experiment. 

Ampir^s  Theory  of  Magnetism. — Among  the  many  scientists  who 
souglit  to  explain  and  unfold  the  phenomena  of  electro-magnetism  as 
discovered  by  Oersted,  it  was  reserved  for  Ampire  to  achieve  the 
highest  success.  This  theory,  which  was  developed  by  rigid  n)ailiemal- 
ical  demonstrations,  wa«,  that  each  molecu/e  of  a  magnetic  hody  is  trav- 
ersed by  closed  electric  currents.  These  currents  are  free  to  n.ovc 
about  their  centres  of  gravity,  but  the  ccercitive  force y  which  is  weak  in' 
loft  iron  but  great  ii^  steel,  tends  to  keep  them  in  position. 
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Before  a  magnetic  body  is  magnetized  these  molecular  curreots,  or 
rings  of  electricity,  by  their  mutual  attraction  neutralize  each  other, 
so  (hat  their  combined  action  on  any  other  substance  is  nothing.  ^^ 

W'hen  a  body  is  ma^rufized,  these  molccuhr  currents  assume  a  farai-  ^1 
Ul  direction.     The  more  complete  the  magnetization,  the  more  nearly 
parallel  they  become.     When  they  arc  completely  jjarallel,  the  limit  of  h 
magnetization  is  reached.     Anipiirc  further  supposes  that  .ill  these  mo-  (^ 
lecular  currents  are  etjulvalcni  lo  a  single  current  circulating  round  thfe 
iii.igiicL     Still  furllier,  and  in  consonance  w.th  liis  theory,  Ampere  siip- 
posci)  that  [errestriai  magnetic  effects  were  due  to  magnetic  currents 
that  circulate  round  the  earth  from  cast  to  west,  perpendicular  to  trie 
magnetic  meridian.      The  resultant  of  these  currents  is  a  single  cur- 
rent going  from    east   to  west.     These  currents,  which  are  supposed 
(o  be  due  to  the  action  of  the  sun,  deflect  magnetic  needles,  magne- 
tize iron,  etc  \ 

Tht  EUctrie  Current  acts  as  a  Magnet:  Scienoids.' — In  confinna-  ^| 
tion  of  Ainpdrc's  theory  of  magnetism,  it  is  found  that  when  a  helix,  or        . 
spirals  of  covered  wire,  coaled  in  such  a  way  that  one  of  the  wires  passes 
through  the  axis  (solenoid,  as  it  is  called),  is  suspended  into  cups  of 
mercur}',  and  traversed  by  a  current,  it  will  act  like  a  magnetic  needle  ^_ 
and  jK)int  from  north  to  south.     Ampt^rc  gave  the  following  rule  by  ^| 
which  the  directions  of  the  needle  under  the  current  can  be  under-   ~ 
stood  :  Let  the  observrr  imagine  himself  placed  in  the  wire,  so  that  a 
current  enters  at  his  feet  and  leaves  at  his  head,  while  hts  face  is  turned 
toward  the  needle ;  the  pole  will  always  be  deflected  toward  the  left  ^m 
tf  the  observer.  ^^ 

Helix. — In  a  helix  of  a  copper  wire  through  which  a  current  circu- 
lates, each  conVQluiicn  of  the  sfiral  ma.y  be  regarded  as  one  of  the  little 
magnets  of  Ampire's  theory.  The  ends  of  the  spirai,  when  the  current 
passes  through  it,  act  on  a  magnetic  nt:edlc  like  the  poles  of  a  magneL 
Ampere's  theory  explains  two  important  magnetic  phenomena. 

ist.  U'hy  like  poles  repel  and  unlike  attract. 

Two  north  poles  of  a  magnet  side  by  side  have  opposite  cur- 
rents and  repel  each  other.  Similarly  with  two  south  poles.  But  a 
north  and  south  have  currents  in  the  same  direction  and  attract  each 
Other. 

2d.  Why  a  magnetic  needle  places  itself  north  and  south.  A 
magnet  can  come  to  rest  only  when  the  current  below  it,  nearest  the 
earth,  is  parallel  to  the  earth-current.  The  magnetic  needle  turns  to 
4he  north  to  allow  tlic  currents  below  it  to  become  parallel  to  the  earth's 
curreoL 
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Elftirc  magnetic  Helix. — Magnetism  is  induced  in  "a  bar  of  soft  iron 
by  the  simple  |ra.ssagc  of  a  current  iicai'  it,  in  a  dircclion  at  riglu  angles 
to  the  bar.     If,  however,  the  wire  (Fig.  33)  encircles  the  iron  many 
limcs,  Uiia  ctTect  will  be  much  in- 
creased.    Let  a  current  be  iNisscd 

IT  the  wire  in  the  direction  of  the 

>ws,  and  the  iron  within  will  be- 
come stroDgty  tuagneiic,  with  its 
jKiles  as  fihown  by  the  letters  S  and 
N.  If  tlie  enclosed  iron  be  not  too 
heavy,  it  will  be  drawn  to  the  centre  *'»■  ■>■ 

and  held  suspended  there. 

When  the  current  is  broken,  [he  iron  ceases  to  be  magnetic ;  while, 
if  a  bar  of  hardened  t>icel  be  substituted  fur  the  iron,  it  will  retain  its 
magnetism  pennancntly.  Sudi  a  coil  of  wire  is  called  a  helix,  from 
»Xti,  a  winding,  and  a  magnet  formed  in  the  luauiier  described  is  termed 
an  electro-aiagnet. 

Fig.  24  represents  ilic  general  form  of  an  electro-inagneL  It  Is  com- 
posed of  a  bar  of  soft  iron,  bent  into  the 
fonn  of  a  horseshoe.  An  insulated  wire  is 
coiled  round  its  exlreniiiies.  When  a  cur. 
rent  of  cleciridiy  is  passed  through  the  coil, 
ihe  horscshoc-bar  becomes  magnetic,  and 
attracts  the  armatarc.  If  the  current  is 
bnsken.  the  bar  becomes  demagnetized  and 
the  annarare  falls  to  the  ground.  Peniia,- 
neijt  magnets  possess  much  less  power  than 
electro-magnets. 

Ifiheiron  bar  within  the  helix  be  more 
Ihtn  a  third  of  an  inch  in  thickness,  and  ihc 
Current  be  of  moderate  slrcn^'.h,  Ihc  mag-  f»«.«4. 

netism    induced    is    in    proportion   to   the 

itrength  of  the  current,  and  of  the  number  of  turns  in  the  coil.  Ad- 
ditional co<l$  of  the  wire  give  no  increased  magnetism,  if  the  bar  13 
dinner  than  one-llurd  of  an  inctt  In  this  case  inaxinmm  is  soon 
reached.  Agnin,  if  the  circuit  is  nude  \Kry  lung,  thus  reducing  the 
Itrength  of  the  current,  the  advantage  JS'taDy  gained  by  d)c  thick  bar, 
aad  by  increasing  the  number  of  cutis,  may  be  lost.  The  iron  bar 
riiauld  be  perfectly  pure  and  well  anncalal,  in  order  that  the  electro- 
magnet may  quickly  acquire  and  as  quickly  lo«e  its  inagnelldm  ou 
''Josuig  and  breaking  the  circuit. 
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DirictujH  of  thi  Induced  Current. — If  a  current  of  elcctridiy  is  passec 

through  any  conductor,  it  will  in- 
-t,\  ._  ,_       ducc  a  currem  Jn  ihe  oppcsiU  direc- 

tion in  a  second  conductor  situated 

=— ^ — — -= -rr—        ^      parallel  ro  the  tirst.     Let  A  B,  Fig. 

Fh^i^  2S.  be  a  wire  connected  at  ciihei 

extremity  with  the  poles  of  a  gal- 
vanic battery,  and  M  N  a  second  wire  parallel  and  near  to  the  first. 
As  soon  as  the  circuit  \%  fonncd  and  a  current  passes  ftoni  -(-  to  — ,  a 
sccondaiy  current  is  induced  in  the  second  wire,  but  in  an  opiwfite 
direction. 

lliis  current  is,  however,  but  for  an  instant.  As  soon  as  the  circuit 
is  broken,  an  instantaneous  current,  with  Its  direction  reverscti.  is  again 
established  in  the  second  «*ire. 

Differtni  Orders  of  Induced  Cwrr.r«/j.— Induced  or  secondary  cut- 
rents  have  themselves  the  power  of  producing  induced  currents  in  other  . 
adjacent  circuits.  Currents  Uuis  indirced  fruni  secondary  induced 
currents  are  called  tertiary  induced  currents.  These  tertiary  induced 
currents  have  also  the  power  of  producing  induced  currents  in  an  ad- 
jacent circuit,  and  so  for  a  long  series. 

Currents  produced  in  this  way  are  In  opposite  directions  alternately, 
and  their  strength  diminishes  the  higher  they  ascend. 

As  a  secondly  current  flows  in  a  direction  opposite  to  that  of  the 
battery  current,  so  the  tertiary  tUiws  in  a  direction  O|)posite  to  tlie 
secondary.  This  law  holds  good  throughout  iht:  whole  scries,— the 
strength  of  the  current  diminishing  as  the  distance  from  the  battery 
increases. 

The  manifcslation  of  electrical  action  in  the  secondary  coil,  upon 
closing  and  breaking  the  circuit,  is  called  the  electric  throbs  while  the 
passive  condition  of  the  wire  while  under  induction  has  been  described 
by  Faraday  as  eieetro-touic 

If  the  primary  coil  be  movable,  so  that  it  can  be  brought  in  closer 
proximity  to  the  secondary  coil  while  the  current  is  passing,  an  Inverse 
current  is  produced  at  the  moment  of  its  approach,  the  same  as  when 
llie  circuit  is  closed.  Jf  now  the  piitnary  coil  be  witluliann,  a  direct 
current  is  |>roduced,  the  satne  as  uUen  the  circuit  is  broken.  As  long 
as  the  primary  coil  remains  iu  one  poi^iciou,  all  rvidencc  of  elcclricity 
ill  the  secondary  wire  disappears.  If,  however,  while  in  this  position, 
ilie  suength  of  tlic  primary  current  be  increased  or  diminished,  mo- 
mentary currents  are  ei.lablislied  in  (he  secondary  coil ;  the  inverse 
full.3<vinj  the  bcrcase,  and  the  direct  current  following  the  decrease  it 
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th«  strength  of  Uie  primary  current.  In  thus  experimenting,  it  is  much 
more  convenient  to  wind  (he  wires  on  separate  bobbins,  so  that  one 
may  be  placed  within  the  other,  as  represented  in  Fig.  36. 


Let  A  represent  the  primary  coil,  which  is  composed  of  wool-covered 
wire  -fy  of  an  inch  in  diameter ;  and  B  the  secondary  coil,  of  silic- 
Mvered  wire,  much  longer  tlun  (he  other,  and  about  g'y  of  an  inch  ir. 
diameter.  Now  let  the  secondary  coit  be  connected  wiili  ilic  g.ilvan- 
oractcr,  G,  by  means  of  the  two  binding- screws,  wliile  the  primary  coil, 
by  two  loose  and  flexible  wires,  is  placed  in  the  circuit  of  a  galvanic 
cell  As  soon  as  A  is  inserted  into  U,  a  momentary  inverse  current  is 
indicated.  If  it  be  withdrawn,  the  galvanometer  indicates  a  iiioinen- 
I»iy  direct  current.  WTiile  the  primary  coil  remains  in  the  secondary, 
the  needle  announces  the  induction  of  currents  according  lo  the  prin- 
uples  stated  above,  whenever  (he  strength  of  the  primary  current  ii 
increased  or  diminished. 

T/ie  CoiidUtoas  umier  which  Imiuction  takes  place. — To  sum  up  ii- 
bricf.  Imiuction  takes  place  from  one  circuit  into  an  adjacent  circuit, 
111.  At  the  mijiiient  when  the  current  is  clo^ved.  id.  "^'lie  mouienl 
wlicn  (he  current  is  opened.  3d.  While  the  current  is  incrciisinj;  01 
diiaintsbing  in  strength.  4th.  While  the  current  is  brought  near  tu  01 
rrmox-ed  from  the  adjacent  ctrcLLit.     A  current  that  closes  or  increase: 
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in  strength,  or  is  brought  near  to  an  Adjacent  circuit,  induces  an  inverH* 
momentary  current  in  that  circuit.  A  current  that  opens  or  dimtnishc^t 
in  strength,  or  is  removed  from  an  adjacent  circuit*  induces  a  direct 
momentary  current  in  tliat  circuiL  It  will  l>c  seen,  therefore,  that  in- 
duction takes  place  only  when  there  is  some  change  in  the  cffndilion  of 
the  imiucin^  curreiil.  It  must  be  closed  or  opened,  increased  or  diniin-. 
ishedin  strength,  brought  near  to  or  removed  from  the  adjacent  circutL 
In  the  ordinary  electro- magnetic  machines  these  changes  arc  made 
by  a  rheoiome,  or  current-interrupter,  and  the  strength  of  the  currerit 
is  modified  by  withdrawing  or  removing  a  metallic  cylinder  enclosing 
tlic  coils,  or  by  withdrawing  or  removing  the  core  of  iron  needles. 

Jnduciien  of  n  Ctirren/  on  Kself :  Extra  Current. — The  extra  cur- 
rent is  that  which  is  induced  by  the  current  in  each  coil,  or  vinding  of 
the  primary  coil  on  the  other  adjacent  windings.  ^J 

The  windings  act  inductively  on  each  oilier  both  at  the  opening  and^f 
closing  of  the  circuit.  Tims  we  have  a  direct  and  an  inverse  extra  cur* 
rent.  The  direct  extra  current  gives  shocks  and  sparks,  decomposes 
water,  magnetizes  steel,  and  melts  platinum- wire.  The  electromotive' 
force  of  the  extra  current  bears  a  uniform  relation  to  the  intensity  of 
the  primary  or  inducing  current.  When  ihe  se<omiary  coil  is  closed^ 
the  extra  current  does  not  appear  in  the  primary  coil,  but  by  what  is 
called  reaction  it  is  formed  in  the  secondary  coil  itself,  and  becomes 
an  ordinarj*  induced  current. 

It  is  called  ihc  extra  current  only  so  long  as  it  remains  In  the  pri. 
majy  coil ;  it  so  remains  ont)'  when  tlie  secondary  coil  is  open. 

Rheofome,  or  Current-xntcrrupter. — Among 
the  different  contrivances  for  producing  these 
ch.angcs  in  the  primary  current  that  are  neces- 
sar)-  for  induction,  the  nwsl  convenient  i&  die 
Rheotome,  or  Current-interrupter. 

This,  when  placed  in  tJic  circuit  of  the  pri- 
mary coil,  alternately  closes  and  ppats  the  cur* 
rent,  and  thus  causes  induced  currents  in  tlie 
secondary  coil. 

Kig.  7^  represents  a  current-interrupter. 
Into  tlie  iron    covering  A  are  fastencil  the 
ends  of  the  iron  wires  of  the  core  within  the 
coil. 

'JTie  hatriiiier  H  is  attached  to  a  spring  P, 
which  is  in  Ihe  primary  circuit ;  /  is  a  projection  tipped  w.th  plati- 
num,   berause  thai  metal  does  not  corrode  ;  />',  connected  with  the 
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screw,  is  also  up|>ed  with  platinum.  U'hcn  the  circuit  is  closed,  the 
COK  of  iron-wire  A  becomes  mogneiicr  and  draws  H  avray  fi^in  /*, 
ag-ainst  A-liich  it  naturally  rests.  'J'liis  breaks  the  cunent,  for  tin  ciicuit 
is  completed  through  the  connection  of/  and/'.  As  the  cui:ent  is 
bcofcen,  A  of  course  loseii  its  magnetism,  and  no  longer  has  poK'cr  to 
Utract  H  ;  tlierefore  the  spring  ]1  brings  H  back  to/',  where  it  natur- 
ally rests.  Tins  completes  the  Cticuil,  and  again  A  becomes  magnetic, 
and  agntn  it  attracts  H,  and  thus  H  is  if//  rapidly  vibrating  with  a 
buzzing  sound  between  A  and/'.  These  constant  interruptions  keep 
up  an  uiduced  current  in  the  sccundar}-  coil.  'Hie  screw  b  gives  the 
necessary  stiffness  to  D. 

Object  of  the  Iron  Core  in  the  Primary  Coil. — The  inductive  power 
of  the  primary  current  is  very  greatly  increased  by  putting  a  bar  of  soft 
iron  or  a  bundle  of  iron  wires  in  the  heart  of  the  primary  coil.  The 
iron  core  strengthens  the  current  in  this  way.  It  becomes  magnetic  by 
the  action  of  the  current,  and  this  magnetism  disap[>cars  when  the  cur- 
rent 0|K:n5.  The  disapiKarancc  of  the  magnetism  induces  a  current  in 
the  same  direction  as  the  disappearing  primary  current,  and  llius 
Strengthens  it.  In  electro-magnetic  machines,  as  used  for  electro- 
Iherapeiitic:^,  this  iron  core  is  a  very  convenient  means  for  modifying 
the  current.  Pushing  it  in  the  coil  increases  the  currenr,  withdrawing 
it  diminishes  the  current. 

A  bundle  of  wires  is  preferable  to  a  single  bai  of  soft  uron,  for  in  the 
Utter,  currents  are  formed  which  impede  the  sudden  cessation  of  the 
jirimary  current,  while  in  the  fonner  Uiesc  cannot  be  formed. 

Thickness  and  Length  of  the  Onler  and  Inner  IVires. — It  is  a  law  of 
electro-physics  that  wires  of  a  large  diameter  conduct  electricity  better 
than  wires  of  a  fniall  diameter.     It  is  necc.<tsary  that  the  primary  cur- 
rent should  be  strung,  since  its  principal  ubjcct  is  lo  uxcite  magnetism 
b  the  ore ;  consequently  the  coil  is  made  of  thick  wire  and  of  moderate 
length.     The  secondary  coil,  however,  is  made  of  very  thin  wire,  and 
of  great  length,  so  that  as  many  turns  as  possible  may  be  brouglu 
(wiUiin  the  influence  of  the  core  and  of  the  primary  coil,  and  thus  pro- 
'ducea  secondary  current.     As  with  tlie  galvanic  or  inducing  current, 
the  electro-motive  force  of  the  battery  is  proportionate  to  the  nutn- 
Lber  of  celts;  so  with  the  induced  or  secondary  current,  the  elcciro- 
fiDotive  force  of  the  coil  is  pru[iortionate  to  the  number  of  turns  or  coils 
in  it. 

Induclisn  Ceils  and  EUctro-ma<;netie  Machines. — An  induction  coiJ 
for  philosophical  or  clcctro-therai)cutica]  purposes  consists  usually  of 
two  helices  or  coils  9/  v're  enclosing  a  bar  of  soft  iron  or  a  bundle  of 
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I'rfin  vires.*  The  in/i^r  coil  is  connected  with  the  poles  of  a.  bartery, 
and  there  is  some  arrangement  for  breaking  the  current.  The  inna 
coil  is  composed  of  tolerably  coarse  wire,  and  is  comparatively  shorL 
The  carreiil  that  runs  through  it  is  calletl  the  primary,  or  soinetimea 
the  inducing,  current.  The  outer  coil  is  in  no  way  connected  with 
the  inner  coil,  but  receives  by  indueticn  a  current  from  the  current  of 
the  inner  coil  as  it  is  allcrnatcly  broken  and  closed.  Tlie  outer 
coil  is  composed  ^l  fine  wire,  and  tt  is  very  much  longer  than  the 
inner  coil. 

The  finer  and  longer  the  wire,  the  greater  the  tension  of  the  current. 
I'hc  current  ihic  comes  ti:irotigii  the  outer  coil  is  called  the  iecondary 
current,  in  dii>linction  from  that  which  comes  from  Ilie  inner  cuil,  which 
is  calleil  the  primary.  In  both  coils  the  copper  is  insulated  with  silk 
coveiing. 

Ruhmkorff^s  Ceil. — The  most  powerful  of  all  coils,  and  the  one  best 
adapted  for  philosophical  cxpcrinicnla,  is  that  of  RuhiiikortT,  of  I'aris. 
It  is  abuut  14  indies  in  leiigih.  The  inner  coil  is  of  copper,  is  about 
1  mm.  in  diameter,  and  4  or  5  yards  long.  It  is  coiled  on  a  cylinder 
of  card-board,  and  ts  enclosed  in  an  insulating  cylinder  of  glass  or 
rubber. 


Fifr  *s. 


The  wire  of  the  outer  coil  is  of  copper,  from'!  to  J  tnm.  in  diameter, 
and  fron»  thirty  to  sixty  mi/es  in  ieugth.  'I'he  distinctive  features  of 
this  coil  arc  these  : 

ist.  It  is  coiled  in  sections  so  as  to  avoid  the  induction  of  the  outer 
coil  on  itself,  which  is  liable  to  take  place  when  it  is  very  long  and  tho 
tension  is  high.  howc%'cr  thorough  the  ii)sulation. 

*  Id  [he  machine  of  KMder,  lo  be  deKTihed  under  Klectro-'nierapeulicit,  tlie  hellt 
y  compose;!  uf  three  or  more  coils  uf  wire,  not  distinct,  Init  coanccied. 


to 


r\;hmkorff5  coiu 


59 


2d.  lliL'  insulation  is  very  com|)Iele.     The  wire  is  covered  wtili  >itk, 
and  each  winding  is  separated  from  the  others  by  a  layer  of  shellac. 
[In  Ihc  larger  coils  of  RuhmkoriT  ttie  Induced  currents  arc  thousands  of 
times  stronger  than  the  priaiary  current  that  excites  them- 

7^/  Candemcr  of  Ruhmkorff's  Coil. — The  intensity  of  the  current  of 
Ihe  secondary  coil  is  increased  by  interi'osing  a  condenser  in  the  circuit. 
la  Ruhmkorfi^s  coil  the  condenser  consists  of  150  sheets  of  tin-foil  18 
inches  square,  and  with  a  surface  of  about  75  square  yards.  These 
sheets  arc  coiled  around  insulating  oiled  silk,  and  around  each  other,  so 
as  to  form  two  armatures,  and  the  nhoie  is  placed  below  the  helix  iu 
Ihe  base  of  Ihe  ai>i>aratU3. 

Being  introduced  into  the  circuit,  it  receives  the  extra  current  and 
incrca.ses  its  tension.  It  stores  up  and  utilizes  force  that  would  other 
wise  be  wasted  in  the  form  of  sparks  at  the  interrupter. 

Effects  pr&duced  by  Ruhmkorff'i  Coil. — 'The  tension  of  Ruhnikorff's 

coQ  is  enormous,  and  for  the  reasons  above  given— the  length  and  fine- 

,  ne&s  of  tlie  secondary  wire  and  the  power  of  tlie  condenser.    It  possesses 

jftll   Ihe  properties  of  sUilUal  as  well  as  dynamical  electricity.     It  is 

'Capable  of  giving  a  shock  so  violent  as  to  prostrate  a  man,  and  if  a 

sufficient  number  of  elements  are  connected  with  It,  tt  could  kill  as  by 

a  stroke  of  lightning.     When  two  couples  are  connected  with  it,  it  will 

kill  a  rabbit.     It  causes  fine  iron  wire  to  melt  and  burn  with  a  bright 

lighL     It  can  rapidly  decompose  water,  or  produce  luiuinou^t  effects  in 

the  water  without  decomposition. 

It  decomposes  and  combines  gases.  Passed  through  a  hermetically 
sealed  tube  containing  air,  it  forms  nitrous  acid  from  the  nitrogen  aiul 
oxygen.     It  can  produce  a  S|>ark  eighteen  inches  in  length  in  the  air. 

Id  vacuo  it  produces  most  remarkable  effects.  In  the  so-called 
electric  egg,  a  luminous  trail  is  observed  between  the  poles.  At  the 
positive  pole  the  light  is  red  and  brilliant ;  at  the  negative,  feeble  and 
wAci.  If  vapor  of  alcohol,  or  turpentine,  or  bisulphide  of  carbon,  be 
introduced  into  the  vessel,  it  api^ears  in  the  form  of  alternate  light  and 
dark  zones  or  strata.  The  tints  vary  with  the  nature  of  the  vapor. 
The  same  phenomena  are  obtained  by  the  ordinary  galvanic  currenl 
from  a  targe  number  of  cells.  The  luminous  effects  of  the  coil  are  09 
great  from  a  single  cell  as  from  a  large  number. 

In  eicctro-llierapcutics  a  wide  variety  of  electro-magnetic  niachince 
have  been  devised.  Most  of  thorn  are  rtm  by  one  or  two  cells,  like 
Smee's  or  Walker's,  and  the  current  generated  is  just  suflicicni  for  a\>- 
plication  to  the  human  body,  and  are  but  little  adapted  foi  the  pliilo- 
■ophical  room. 
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The  largest  induction  coil  of  vrhirh  we  have  any  knowledge  i&  that  ol 
Apiis  in  London.  It  is  niac  feet  ten  inches  long,  and  its  diameter  is 
two  feet.  Tiic  soft-iron  core  is  five  feet  long,  four  inches  in  diameter, 
and  weighs  125  pounds.  The  length  of  Uie  primary  coil  is  3.770  yards, 
while  that  of  the  secondary  coil  is  em  hundnd  and  fij'ty  miles.  This 
batter)-  is  excited  by  48  large  Itunsen  cells.  It  gives  a  Hx'Ui  twenty* 
nine  inches  long  that  will  perforate  five  inches  of  solid  plate-glass.  Al 
the  Slovens  Institute  of  Technology,  Hoboken,  there  is  also  ah  induc- 
tion coil  of  great  power. 

Pr&pcrius  of  Induced  Currents. — Induced  currents  have  in  different 
degrees  all  the  properties  of  the  ordinar)'  galvanic  current.  They  pro- 
duce chemical,  thermic,  luminous,  and  physiological  effects.  They 
deded  the  magnetic  needle,  magnetize  steel,  and  are  capable  of  them- 
selves exciting  induced  currents.  There  is  a  difference,  however,  be- 
tween  the  eflfects  of  the  direct  induced  and  inverse  induced.  The 
direct  gives  a  poweiful  shock,  the  inverse  a  mild  shock. 

The  direct  iiiagnetizcs  to  the  point  of  saturation,  the  inverse  does 
not  magnetize. 

In  Iheir  action  on  the  galvanometer  they  are  about  equal  In  quan* 
tity,  the  direct  and  inveise  induced  currents  are  about  the  same ;  but 
the  tension  of  the  direct  induced  is  greater  than  that  of  the  inverse 
induced. 

Ccmparaiive  Chemical  Effects  of  the  Gab>ani{  and  Induced  Currents. 
— That  (he  chemical  character  of  currents  of  induction  i&  distinctive  from 
the  galvanic  is  proved  by  the  following  experiment :  When  the  platinum 
poles  connected  with  an  induced  current  arc  placed  in  water,  water  is 
decomposed  and  oxygen  produces  oxid.ition  of  platinum,  which  is  re- 
duced to  metallic  platinum  by  the  recombination  of  tlie  hydrogen  with 
the  oxygen.  This  process  lakes  place  at  both  poles,  so  that  both 
become  covered  with  a  powder  of  platinum. 

If  a  solution  of  iodide  of  potassium  and  starch  is  brought  into  the 
circuit,  the  blue  color  a]>pears  at  both  poles.  When  the  galvanic  cur- 
rent is  used,  the  blue  color  appears  only  at  the  positive  pole.  When 
the  induced  cunent  is  sent  through  water  it  decomposes  it,  just  as  the 
galvanic  current  docs  the  oxygen  and  hydrogen,  both  appearing  al 
both  pules ;  but  they  reconibinc,  and  ttms  llie  water  does  not  api>ear 
to  be  decomposed  at  ail. 

It  is  of  the  first  importance  to  the  Mectro- therapeutist  to  understand 
electro-magnetism,  for  il  is  the  form  of  electricity  most  used  in  electro 
thera|>cutics. 

Maf^neto-electrieity. — %fagneto. electric  induction  is  the  mduction  of 
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^dectric  curreats  by  magnetism.     It  is,  as  the  tcnn  implies,  ttie  levera? 

electrO'Diagnelic  induction  There  are  two  forms  of  magneto-elec- 
iric  induction. 

The  Jirs/  and  most  familiar  fomi  is  when  a  current  is  induced  in  a 
coil  of  insulated  irire.  The  second  form  is  when  a  cmrent  is  induced  in 
conducting  plates. 

Under  electro- magnetic  induction  we  have  seen  that  the  coil  of 
wire  in  which  a  current  circulates  produces  a  contrary  induced  cur- 
rent in  an  adjacent  coil  whenever  a  change  is  made  in  the  current  by 
ojwning,  closing,  withdrawing,  or  approaching  it.  The  strength  of  the 
induced  rnrrcnl  is  projiortioncd  to  the  amount  and  suddenness  of  these 
changes.  If  now  we  substitute  for  the  phmarj'  or  inducing  coil  a  per- 
manent bar  magnet,  and  cause  it  to  approach  or  withdraw  from  the  ad- 
[jacenl  coil,  it  induces  a  current  in  that  coil.  This  principle  is  the 
basis  of  all  the  magneto-electric  machines  chat  are  so  familiar  lo  sm. 
dents  of  philosophy,  and  that  were  ooce  so  much  used  in  electro-thera- 
peuiics. 

The  development  of  magneto-electricity  is  shown  in  a  very  simple 
manner  by  the  common  horseshoe  magnet,  its  armature, 
and  a  copper  wire.  I-et  the  armature  A  B  be  encircled 
by  the  wire  C,  one  end  of  which  ts  flattened  and  amal- 
|[amaled  with  nitrate  nf  mercury,  and  the  olber  tiled  to 
'ft  point.  When  the  armature  is  placed  upon  the  magnet, 
the  moment  of  contaa,  when  it  is  withdrawn,  and  the 
act  of  withdrawal,  will  each  be  marked  by  a  spark  of  11  f  1 
electricity  at  C,  where  the  two  extremities  of  the  wire 
Meet. 

The  electric  current  flows  in  one  direction  at  the  in- 
stant niagnelLsin  is  induced  in   the  soft  iron  wliich  is 
enclosed  by  the  coit  of  wire,  and  in  the  opposite  direc-         i^c  b^ 
tion  when  Its  magnetism  is  destroyed. 

In  the  electro-magnetic  machines  in  ordinary  use  a  soft-iron  arma 
tare  covered  with  wire  is  made  to  rotate  in  front  of  the  poles  of  a  poc- 
maiicnt  horseshoe  magnet.  As  the  armature  rotates,  its  two  ends  arc, 
of  course,  alternately  brought  near  to  and  removed  from  the  bars  <^  the 
oiagncl,  and  thus  two  currents  are  induced  in  the  wires  that  cover  the 
imiature.  Each  current  lasts  half  of  a  revolution,  and  if  the  rotation 
be  rapidly  kept  up,  a  current  is  produced  which  may  be  perceived  when 
the  ends  of  the  wires  arc  joined. 

A  Continuous  Current  from  Magneto-electric  Machines. — When  the 
vmalures  of  the  magneto-electric  macliine  are  made  to  rrrvolvc  with 
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suflFicient  ni[>iclity,  a  conihiuotis  citrrent  is  produced  which  has  all  the 
properlica  of  the  galvanic  current.  Ma^cto-dnftric  currents  arc, 
therefore,  extensively  used  in  electrolytic  ex|iennients  and  in  electro- 
plating. It  is  possible  iliat  sonic  of  these  may  be  utilized  in  electro- 
therapeiittcs. 

Currenit  induced  by  Magnetism  in  Conducling'ptaies :  Magtiftum 
of  Rotailm. — In  1824-5  Arago  discovered  that  when  a  copper  disk  re- 
volved with  great  rapidity  under  a  needle  resting  on  a  disk  above  the 
disk,  the  needle  deflected  in  the  direction  of  the  motion  of  the  disk 
After  a  time,  if  the  movement  be  sufficiently  rapid,  the  needle  refuses 
Co  remain  fixed,  and  turns  around  after  the  disk.  The  explanation  of 
this  phenomenon  was  given  by  Faraday  in  1831.  He  showt-d  that  it 
arose  from  the  reaction  of  the  currents  induced  in  the  plate  by  the  mag- 
net. The  magnetism  of  rotation  is  only  one  of  the  many  phenomena 
connected  with  induction.  All  these  i>henomena— induction  by  currents 
of  ni.ignelism  and  by  rotation — arc  explained  by  the  theory  of  .^mji^re 
before  cited.  Tlicy  arc  at  once  in  harmony  with  that  theory  and  con- 
firmatory of  it 

History  of  Induction. — The  discovery  thit  electric  currents  of  mag- 
netism con  induce  currents  in  neighboring  circuits  was  made  by  Karaday 
in  1830.  His  researches  on  the  subject  were  published  in  the  Philo- 
sophical Transactions  in  tSji  and  1833. 

I'his  discovery  of  Faraday,  like  that  of  Oersled,  was  the  result,  not 
of  accident,  but  of  long  and  laborious  experimentation.  As  early  aa 
1825  Faraday  had  sought  to  make  a  wire,  through  which  the  galvanic 
current  was  passing,  induce  a  current  in  a  neighboring  wire,  just  as  a 
conductor  charged  with  Franklinic  electricity  would  have  done.  Not 
until  1831  did  he  fmd  out  that  the  current  nuist  be  bruken  or  closed, 
or  approached  or  withdrawn,  before  ir  could  induce  a  current  in  a 
neighboring  wire. 

In  1832  Prof.  Henry,  then  of  New  Jersey,  now  of  the  Smithsonian 
Institute,  Washington,  observed  phenomena  which,  in  1S34,  Faraday 
showed  were  due  to  the  extra  current.  In  1837  Bachhoffncr  and 
Sturgeon  showed  diat  a  bundle  of  wire  was  Letter  in  an  induction  appa- 
ratus than  a  rod  of  soft  iron. 

In  1841  Prof.  Hcn-y  studied  the  inductive  action  of  currents  on 
ourrents.  In  1850  or  1851  RuhnikorlT  constructed  the  induction  coil, 
and  in  1853  Fiieau  greatly  increased  its  power  by  adding  to  it  a  con- 
Llenser.  The  discover}-  that  discharges  of  tlie  Lcyden  jar  made  a 
primary  spiral  induce  a  current  in  a  secondary  spiral,  and  that  currents 
ul  the  third,  fourth,  and  fifth  order  can  be  thus  produced,  and  of  suOt 
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cicnt  strength  to  give  shocks,  btim.  etc.,  was  made  simultaneously  by 
Prof*.  Henry,  of  U'asliington,  and  Riess,  of  Berlin. 

The  first  nugiieCo-electric  machine  was  made  by  I-'araday  in  183 1. 
The  first  ntachine  of  the  style  now  used  was  made  by  Pixii  in  iSja. 
Jni|>roircnicnts  Itatre  been  since  made  by  Sax  I  on  (1S3J),  Clarke  (1836), 
Peirine  (1S44),  Stiihrer  (1S44),  Siemens,  Haiske,  Ducbcime,  antl 
others. 


THERMO  ELECTRICITV. 

Thermo'iiectriclty  is  thai  frrm  of  eUclrieity  thai  ariifj  from  the  heat' 
ing  of  two  heterogeneotti  conductors  at  their  juaciion.  The  two  tuost 
imj>ortant  methods  of  generating  thermal  currents  are,  ist,  with  two 
IKJitions  of  the  same  metal ;  .iiid  2d,  with  two  different  kinds  of  metal. 
TTtermo-eieetrUity  generated  hy  One  Metal. — If  a  cojukt  wire  be 
cut  into  two  pieces,  and  one  of  the  ends  be  heated  to  redness  and 
pressed  against  the  t-nd  of  the  other  piece,  a  current  of  electricity  is 
produced.     This  is  demonstrated  by  the  galvanometer. 

When  different  portions  of  the  same  metal  have  different  stniclures, 
A  current  is  obtained  when  the  point  where  both  structures  come 
together  is  heated. 

If,  for  example,  a  platinnm  wire  be  twisted  or  bent  on  itself,  this 

twisting  so  changes  the  structure  of  the  wire  that  a  current  is  generated 

by  iicating  the  point  of  union  between  the  twisted  and  non-twistet! 

]>orlion. 

TTiermoeleeiriciiy  generated  by  Two  Metals. — Let  K  and  B  (Fig.  30) 

be  respectively  bars  of  antimony  and  bismuth,  soldered  to* 

getber,  while  G  represents  a  galvanometer  connected  by  two 

wires  with  the  free  extremities  of  the  metals. 

When  the  junction  S  of  the  metals  is  heated,  a  current  of 
electricity  is  generated,  which  flows  from  the  bismuth  to  the 
•1    A    antimony,  as  shown  by  the  arrow.     If  the  junction  S  ii  chilled 
by  applying  ice,  a  current  is  also  produced,  but  in  the  oppo- 
site direction.    This  combination  constitutes  a  thermo-electric 
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T/iermo-eleeirie  Batteries. — .\  number  of  thermo-electric 
couples  soldered  together  so  that  the  copper  or  antimony  of 
One  is  soldered  to  the  bismuth  of  ihe  other,  and  so  on,  is  called  a 
ihtrmo  electric  battery.  The  current  is  generated  by  heating  one  row 
of  Ihe  soldered  faces,  or,  as  the  current  depends  on  the  difference  of 
tctn|>erature  of  Che  two  sides,  by  applying  ice  to  one  side  and  heat  to 
tbe  other. 


CHAPTER  VI. 


Oini*S  LAW  Atn>  ITS  PRACIICAL  APPLICATIO^f  TO  BLECTRO-THERAPBirriCS 


Tus  ba&is  of  all  elcctncal  measurement  u  Ohm's  law,  which  is,  that 
tlic  guanttiy  of  eUctrUHy  passing  through  any  point  m  a  circuit 
l-aria  Mratty  as  fh<  cU(tr<hm0tivt  force,  and  iitversely  as  the  resistance. 

Putting  Q  for  quauiity,  £  far  elect ro-iuotive  force,  and  R  for  resistance, 
ihe  law  i&  thus  ex|>ressc(l :   Q  =  ^. 

This  law  was  (jiscovcrcd  Ijy  Prof.  Ohiii,  uf  Nuremberg,  in  1S27,  and 
for  a  long  time  was  neglected.  It  is  the  north-star  of  dyoaniical  elec- 
tricity. Tliose  who  can  keep  this  always  in  sight  need  never  lose  their 
way,  howevt;r  long  or  intricate  the  explorations  they  may  make  in  this 
itn[>ottant  and  fascinating  realm.  Although  originally  nothing  but  a 
theory,  yet  it  has  been  powerfully  confiimcd  by  the  mathematical  calcu- 
lations of  Fechner,  PouiUet,  Kohh'au&ch,  Oaniell,  De  la  Rive,  and 
\Vlicai<>tan<r,  and  has  proved  itself  competent  to  explain  all  the  phe- 
noni<:na  with  which  it  lias  to  do.  Just  as  the  strength  of  the  theory  of 
gravitation  consists  in  its  power  to  account  for  the  movements  of  the 
solar  system,  just  as  Ihc  strength  of  the  undulalory  theory  consists  in 
its  power  to  explain  the  complex  phenomena  of  light,  so  the  stiength 
of  Ohm's  law  consists  in  its  power  to  account  for  the  phenomena  of  dy- 
namical electricity.  As  no  one  can  be  master  in  astronomy  without 
andcrstanding  gravitation,  or  in  optics  without  understanding  the  undu- 
Utor}-  theory,  so  no  one  can  be  luaster  in  clcctiidty  without  under- 
standing Utun's  law. 

We  shall  endeavor  to  make  this  law  and  its  application  as  dear  as 
the  nature  of  the  subject  will  allow.  It  is  nccessarj'  to  define  ceri.iin 
Icnns  that  are  not  very  familiar ;  first  of  all,  units  0/  mtasurement. 

A  unit  is  an  abstract  term  to  express  any  determined  quantity,  hy  the 
^epetitian  of  which  any  ether  quantity  of  the  same  kind  can  be  measured. 

An  ohm  i .  a  unit  of  resistance  \  one  miLhon  ohms  =  one  incgohni ; 
OIK  millionlli  of  an  ohm  =  one  microhm. 

A  number  of  units  of  resistance  have  been  proposed — among  others, 
S 
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definite  lengths  of  wires  of  a  definite  thickness ;  but  wire  U  rarely  pure, 
and  the  different  specimens  widely  vary. 

In  1864  the  British  Association,  acting  on  the  suggestion  of  Weber^ 
dcdJed  thai  electrical  resistance  coii!d  be  expressed  as  an  absolute  vc* 
locity,  «iihotiI  any  reference  to  the  substance  that  conducts.  This  unit, 
which  expresses  a  velocity  of  10,000^000  metres  in  a  second,  is  called  a 
B.  A.,  or  British  Asspciaticn,  unit. 

Previous  to  this  action  of  the  Association  the  best  known  units  were 
(hose  of  Sicmon  and  Varley.  Siemett's  unit  is  a  cnltiiim  of  pure 
mercury,  one  metre  long  and  one  square  millimetre  in  sections  at  o'*  C. 
Parleys  unii  was  one  mile  of  ordinary  cupper-wire.  No.  16,  1^  of  an 
inch  in  diameter  at  60*  F.  The  B.  A.  unit  of  tlie  Uriiish  Association  ii 
embodied  in  an  athy  of  platinum  and  silver.  This  alloy  has  the  ad* 
vantage  of  German  silver,  that  its  conducting  power  docs  not  change 
with  long  use. 

Tlic  unit  of  electro.moiire  force  is  called  a  X'olt.  A  volt  is  equal  to 
about  the  force  of  a  Danicll  cell,  or  the  decimal  '9168. 

The  utttt  of  quantity  is  a  farad.  In  other  words,  a  farad  Is  the 
quantity  of  electricity  which,  with  a  certain  electro-motive  force,  flows 
through  a  certain  resistance. 

The  terminology  of  electricity  in  general  has  been  atrociously  diffi- 
cult and  obscure,  but  nowhere  has  there  been  deeper  obscurity  and 
grosser  misunderstanding  and  inconsistency  than  in  Ihc  ap|>lication  of 
the  terms  resistance,  quantity,  tension,  and  eUetro-motive  force. 

Electro-motive  Force. — The  electro-motive  force  is  the  force  that  urges 
forward  the  current. 

It  is  the  origin  of  tension,  to  be  hereafter  defined.  This  force  IS 
modified^ 

tst.  Ity  the  nature  of  the  plates  of  which  the  element  is  composed. 

2d.  By  tlie  nature  and  strength  of  the  acid  solution. 

3d.  lly  the  number  of  elements  in  the  soUition. 

Substances  that  stand  at  or  near  the  two  extremes  of  the  electro- 
positive and  electro -negative  series,  generate  a  stronger  electro  motive 
force  than  substances  that  stand  near  each  otlier. 

Zinc  and  platinum  or  zinc  and  carbon  give  more  eleclro-motive 
force  than  zinc  and  copper,  bccausf  the  difference  in  their  oxiilability 
is  greater,  and  they  stand  farther  apart  in  the  eleclio-positive  and 
electro-negaltve  scries. 

Plates  that  arc  imperfect  in  their  structure,  or  which  contain  impuri- 
ties that  generate  currents  in  op^Kisilioii  to  the  main  current,  or  plates 
that  are  worn  out,  or  are  cncnistcd  with  the  products  of  diemical 
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decomposition,  give  less  electro-motive  force  than  plates  that  are  per- 
fect, fresh,  and  clcaiL 

Siiuitarly  also  the  electro  motive  force  is  diminished  by  the  polarizing 
action  of  the  current  in  the  cell.  Thus,  in  the  Since  cell,  the  hydrogen 
thai  gathers  on  the  platinum  plate  and  the  oxygen  that  gathers  on  the 
zinc  generate  a  current  tliat  is  opposite  in  direction  to  ihc  main  cur- 
rent, and  enfeebles  it ;  and  for  this  reason,  lifting  the  plates  out  of  the 
liqiiid  a  moment  to  allow  the  gases  that  forni  on  them  to  escape,  oi 
vigorously  agitating  the  liquid,  at  once  increases  the  electro- motive 
force.  Strong  acids  which  excite  vigorous  chemical  action  give  more 
electro-motive  force  than  weak  acids^  and  therefore  it  is  tliat  sulphuric 
and  nitric  and  chromic  acids  are  so  much  used  in  batteries. 

When  the  proportion  of  acid  in  the  solution  is  large,  elecnro  motive 
force  is  greater  than  when  it  is  small.  Strong  solutions,  however,  con- 
sume the  plates  faster,  and  the  electromotive  force  will  be  reduced 
thereby  sooner,  other  conditions  being  the  same,  than  when  weal*  solu- 
lions  are  used. 

The  electro-motive  force  is  exactly  prnpoitionej  to  the  number  of 
elements,  without  regard  to  their  sise.  I'wo  elements  give  twice  as 
much  electro-motive  force  as  one  element,  and  one  hundred  elements 
give  one  hundred  limes  as  much  as  one  element  of  a  similar  character. 
llus  can  be  proved  by  a  galvanometer,  with  a  long  resistance-coil, 
where  the  delleclion  of  the  needle  will  be  in  prelty  exact  proportion  lo 
the  number  of  cells  brought  into  the  circuit.  The  exactness  of  this 
proportion  is  of  course  modified  by  the  imperfections  of  individual  cle- 
menis,  or  by  variation  in  the  quantity  and  strength  of  solution  in  each 
Ctill ;  but  the  law  always  holds  good. 

As  with  the  long-coil  g.-ilvanomctcr,  so  wilh  the  hitman  body,  or  any 
other  powerful  resistance  whatsoever,  the  clcctro-motivc  force  that  passes 
through  it  will  be — all  other  conditions  being  the  same — proportioned 
to  the  number  of  eUments  ami  without  regard  to  their  site.  If  a  series 
of  very  iarge  elements  are  opposed  to  an  equal  series  of  very  staali 
elements  of  similar  construction,  no  current  will  pass;  they  will  neu- 
tralize each  other.  If  both  be  tested  by  the  galvaimmeter  with  a  long 
resistance,  tliey  will  cause  similar  deflectiuns  of  the  needle. 

The  quantity  of  tleetrieity  that  passes  through  a  circuit  is  directly  pro- 
Portioned  to  tire  elettro-motive  force.  If  there  were  no  resistance  in  the 
circuit,  quantity  and  clcctro-motivc  force  would  be  llie  same :  Q  =  £. 
But  there  can  be  no  circuit  without  some  resistance,  therefore  Q  nevei 
equals  E. 

Klectro-motive  force  of  different  batteries,  approximately : 
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Grove 106 

Tlunscn 98 

UanicU..., 5^^ 

Soiee  (whcd  not  in  action) 57 

"    (when  in  action) »s 

Wollaston  (copper  and  zinc) 46 

Marid  Davy  (sulphate  of  mercury  and  graphite).  76 

Chloride  of  silver fix 

Chloride  of  lead 30 


I'hese  estimates  are  lite  n>ean  of  a  very  large  ntimber  of  jbserva 
(ioDS  by  Larimer  Clark,  taken  on  a  sine  galvanometer.  Tlie  electro- 
motive force  is  somewhat  modified  by  various  undetermined  causes. 

Tfniion,  or  FotentiaL — Tension  is  thai  qimlUy  of  eUftrtdty  by  xokieh 
ii  overcomes  resistance.  This  detinition  is  practical  rather  than  stiictly 
scientific,  and  can  only  be  understood  by  explanation. 

Tension  is  a  result  oi  the  elcciro-motivc  force,  and  is  dependent  on  it, 
and  by  mistake  the  t»~o  are  often  confounded.  The  sum  and  the  diffe- 
rences of  electro-motive  force  are  always  equal  to  the  sum  and  dilTc- 
rcnces  of  tension,  but  they  arc  differently  dLslribiitcd  in  the  circuit. 
By  mathematicians  the  term  /otentia/,  suggested  by  Green,  is  preferred 
to  tension.  The  term  is  a  relatin  one,  and  no  body  or  part  of  a  body 
can  be  said  to  have  an  absolute  tension  or  potential.  The  potential  of 
a  body  is  really  the  difference  between  its  potential  and  that  of  the 
earth,  which  is  assumed  to  be  rcro.  Electricity  (lows  from  a  body  or 
part  of  a  body  at  a  higher  potential,  to  a  body  or  part  of  a  body  at  a 
lower  potential,  and  the  work  wiiich  it  does  measures  its  amount. 
Differences  of  potential  may  be  compared  to  differences  of  level  for 
water.  As  u*ater  lends  to  flow  from  a  higher  level  to  a  lower  level  un- 
til all  is  of  a  uniform  height,  so  electricity  tends  to  fiovr  from  a  bighei 
to  a  lower  potential  until  the  i>otcntial  of  all  parts  of  tlie  condnctor  is 
the  same,  and  ceases  to  flow.  An  instance  of  extreme  tension  is  found 
in  lightning,  where  it  is  caused  by  the  differences  in  the  electro- motive 
forces  between  two  clouds,  or  between  the  clouds  and  tlie  earth. 

The  tension  of  the  frictional  machine  is  very  great,  for  the  rcison 
that  it  is  not  at  all  inllucnccd  by  the  resistance  of  the  circuit,  which 
m  the  galvanic  batter)*  is  very  great.  If  the  current  of  the  galvanic 
battery  encountered  no  resistance  in  llie  circuit,  or  was  not  affected  by 
resistance,  its  tension  would  be  enormous. 

The  tt^rm  intensity  has  long  bcu-n  used  as  synonymous  u-ith  tension 
but,  stnrily  speaking,  intensity  is  derived  frcm  the  French  ini^nsifi. 
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whicli  has  been  translated  intensity,  but  whidi  really  means  quantity. 
It  is  belter  to  dispense  entirclj-  with  the  term  inteo&iiy,  and  we  have 
done  so  in  the  piesent  work. 

Our  definition  of  tension  may  be  thus  illustrated  :'  Let  a  batter}- of  too 
cells  be  joined  in  the  ordinary  tension  arrangement,  zinc  nniled  writh 
carbon  and  soon.  Place  the  battery  on  an  insulated  stand,  and  connect 
lUe  zinc  or  negative  pole  with  (lie  earth,  leaving  the  other  free.  Regard* 
iog  the  earth,  for  convenience'  sake,  as  zero,  the  zinc  pole  will  have 
a  tension  of  o,  while  the  free  end  will  havy  a  tension  of  loo ^ori/itY. 
If  a  wire  be  connected  with  the  free  end,  a  current  would  flow/ww  « 
to  the  earth.  If  now  we  reverse  the  position  of  tlte  poles,  connecting 
the  carbon  pole  with  ihc  earth,  and  leaving  the  other  free,  the  carbon 
cod  will  be  o,  and  the  zinc  end  will  be  loo  negative,  and  if  ft  be  con- 
nected with  the  earth  a  current  will  flow  from  the  earth  to  it.  In  both 
of  these  cases  the  tension  is  the  sanic ;  in  one  case  it  is  positive,  in  the 
other  negative.  Take  the  same  battery,  with  tlie  zinc  pole  ronnected 
with  the  earth,  and  join  the  carbon  and  zinc  ends  by  a  short,  iKick  wire, 
and  a  strong  current  wiU  flow  through  tlie  wire.  But  here  comes  in  the 
difference  between  tension  and  electro-motive  force,  for  it  can  be  ascer- 
tained by  proper  tests  that  the  elect ro-motivc  force  of  the  battery  is  the 
same  as  it  was  before  the  ends  were  joined,  but  the  tension  has  changeiL 
Before,  it  w-as  loo  positive  at  the  carbon  end,  now  it  is  almost  o, 

IC  instead  of  a  short,  thick  wire,  a  long,  fine  wire  that  offers  greater 
resistance  be  used  to  connect  the  poles,  the  tension  at  the  carbon  end 
will  rise  with  Ihc  increase  in  resistance  in  the  wire.  When  the  I'^sist- 
incc  becomes  infinitely  great,  the  tension  becomes  too  again,  but  il 
can  never  exceed  too,  for  the  tension  can  never  exceed  the  electro- 
motive force  at  any  point,  although  it  may  (ail  rerj*  much  below  it 

These  two  general  laws  in  regard  to  tension  should  be  remcni- 
bered: 

isL  It  rises  with  the  distance  from  the  zero  end  of  the  circuiL 

»d.  The  quantity  of  electricity  passing  between  any  two  points  is 
always  proportioned  to  the  difference  of  tension  between  dicsc  points. 
The  actual  tension  may  be  high  or  low,  positive  or  negative,  but  there 
eu  be  no  cun-ent  without  differences  of  tension.* 

The  arrangement  in  series  (or,  as  it  is  erroneously  called,  "  intensity 
wrangcmenl "),  is  when  the  electro-positive  element  of  one  cell  is  united 
toti  c  elect  ronegative  element  of  the  next  cell,  and  so  on.  The  "qinm- 
I'tjf  arrangement,"  or  ^^  multiple  arc"  is  when  all  the  electro- positive  c  le 
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ments  are  united  to  all  the  electro-negative  eleiiienls  so  as  to  make  ooc 
large  element  The  ai/angcincnt  in  series,  or  a  "  tension  arrangement,*' 
is  used  for  all  ordinary  galvanisation  and  cicctrolyzatiun.  The  multiple 
aui:,  or  '*  quantity  arrangement,"  is  used  in  galvano  cautery.  The  phrase? 
"joined  for  tension,"  or  "  intensity,"  and  "joined  for  quantity,"  are  fl 
relics  of  old  and  cx]»lodcd  theories  of  electricity.  For  convenience' 
sake  they  are  still  used  ;  bnt  those  who  undcritand  Ohm's  law  neetl 
not  be  deceived  by  them. 

Rtsistance. — Resistante  is  thai  quality  of  a  condudcr  thai  im/ifdei 
the  passage  of  a  eirtuit. 

There  arc  two  kinds  of  resistance  in  any  circuit ; 

ist.  That  of  the  battery  itself  {/n/^rna/ Resistance). 

3d.  That  of  the  connecting  wires  (circuit  out&ide  of  the  battery),  the 
galvanometer,  the  human  body,  or  other  substance  introduced  into  the 
circuit  (External  Resistance). 

ffoTv  Remtanfe  is  M^diffd. — Resistance  is  modified  in  three  irays : 

ist.  By  the  nature  of  the  substance,  whether  liquid  or  solid,  or  by  itf 
special  chemical  composition. 

2d.  By  the  form  of  the  substance,  whether  long  or  short,  of  small  or 
large  diameter. 

3d.  By  the  temperature. 

It  is  proved  by  experiment  that  Mfr^j7j/i7»rtXp/'rCT>fj-^M^  same 
mater iai  and  of  the  same  thickness  are  directly  proportioned  to  their 
lengthy  and  inversely  proportioned  to  the  squares  of  their  diameters. 

A  wire  one  mile  in  length  gives  twice  tlie  resisiance  of  a  wire  half  a 
mile  long,  and  four  times  the  resistance  of  a  wire  one-fourth  of  a  mile 
long.  On  the  other  hand,  wires  of  the  same  metal,  but  of  diamctera 
which  stand  10  each  other  io  the  relation  i,  3,  3,  offer  a  resistance  which 
stand  to  each  other  as  1,  ^,  ^.  In  other  words,  the  longer  the  wire  the 
greater  the  resistance,  the  thicker  the  wire  the  less  the  resistance.  The 
same  law,  but  less  exactly,  applies  to  liquid.^  and  for  this  reason  large 
elements  give  less  resisiance  than  small  elements.  The  relative  specific 
resistances  of  a  number  of  metals  at  a  tenii>crature  of  54"  V.  are  ai 
follows : 

Copper I  Iron 7.5 

CoM 1.4      I-ead II 

Zinc 3.7      Platinum 11.3 

Mercury  (at  57') sa;. 

The  converse  of  resistance  is  eondact/oti. 

The  following  tabic  of  the  relative  conductibility  of  metals  at  3>'  F 
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en  from  Latimer  Clark.     It  will  be  perceived  tliat  it  varies  some 
irhat  from  the  above  table  of  relative  resistajices  : 


Silver i  so       Zinc . 

Copper  (pure) 999      Steel 

**  selected   (commer- 

cial).. ,  .85  to  95 

Copper,    ordinary    (commer- 
cial)  40  to  70 

Rrass lo 


29 

i6 

Iron 15 

German  silver. ...  .la  to  15 

Tin 12.4 

I-ead 8.3 

Flalinum 6.9 


Cold. 


,  78        Mercur)-. 1.6 


It  will  be  seen  that  both  estimates  agree  in  making  copper  and  silvei 
the  best  conductors,  and  for  that  reason  coppcr-wirc  is  so  niucli  used 
in  making  battery  connections.  In  botli  tables  plalintnn  stands  low  in 
conductibility,  and  for  that  reason  platinum. wire  is  used  when,  as  in 
gal  V  a  no-cautery,  it  is  required  to  generate  heat  by  j>a5sing  tlie  current 
through  a  rfsisftng  medium.  If  mercury  could  be  made  in  the  form 
of  a  wire  it  would  of  course  be  better  than  platinum,  since  its  resist- 
ance is  somewhat  greater.  Bismuth,  graphite,  and,  r(ii?rank  stil]  lower 
in  conducting  power  than  mercury.  The  rosiscancc  of  liquids  is  enor- 
mous. Thus,  tiiking  coppcr-wirc  at  32*  l'".  as  i,  the  resistance  of  a 
aturated  solution  of  sulphate  of  copper  at  48°  F.  is  16.885.520  ;  ditto 
of  chloride  of  so<liura  at  56*  F.,  a.903.538;  ditto  of  sulphate  of  zinc, 
15.861. 267;  sulphuric  acid  diluted  to  -j^  at  68*  F.,  1,033.020;  nitric 
»EH  at  55"  F.,  976.000 ;  distilled  water  at  59"  F.,  6.734.308.000. 

it  has  been  estimated  that  the  human  body,  by  virtue  of  the  salts 
which  it  contains,  conducts  15  or  20  iimcs  better  than  u-aier,  pr&i'idtd 
^  skin  bt  fuUy  moixteneii ;  and  that  copper  conducts  from  three  to 
(bar  hundred  million  limes  better  than  the  human  body. 

Effects  of  Temperature  0n  Resistance. — Resistance  is  more  or  less 
tnoditied  by  temperature. 

Between  i'  and  loo"  C.  the  relative  conducting  power  of  the  niclals 
remains  the  same;  at  roo*  metals  lose  about  30  per  cent,  of  their 
conduciibiUty  as  compared  with  o"  C. ;  but  this  varies  wiih  differeni 
metjl*.  Conductivity  is  increased  by  annealing.  Non-mctaliic  sub- 
«anccs  increase  in  comluctivity  as  they  rise  in  temperature.  Water, 
for  example,  when  heated  conducts  better  than  water  cold.  When  a 
CBrrenl  passes  from  a  liquid  to  a  solid,  or  vice  versd,  the  rciiatance  if 
veiy  great. 
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Ait  Jtesi stance  relative. — No  substances  absolutely  resist  the  passage 
of  electricity;  even  resin,  glass,  and  sulphur,  the  worst  comluctors,  do 
tonduct  a  slight  current,  as  can  be  proved  by  a  very  delicate  galvano 
meter. 

No  Jifr/ect  Cvna'ucicr.^V.vzn  the  IjcsI  conductors,  as  copper  and 
iilver  and  gold,  are  unperfectly  so ;  they  all  resist  the  current  more  or 
less. 

This  can  be  shown  with  the  gah-anometer,  which,  when  brought  dt- 
rtetly  into  the  cirtriit,  showr  a  dcflcclicn  of  the  needle.  When  short 
wires  of  copper  or  silver  are  interjiosed  the  deflection  is  lessened. 

If  we  now  comprehend  tlic  terms  elect/ o-motive  force  and  resistance^ 
we  shall  have  no  difficulty  in  comprehending  the  term  quantity,  for, 
according  to  Ohm's  law,  the  quantity  varies  directly  as  the  electro-mo- 
tive force  and  inversely  as  the  resistance. 

The  quantity  of  elecirteity  is  the  amount  which  passes  through  the 
eireuit  in  any  given  time. 

This  depends,  acconling  to  Ohm's  law,  on  two  factors — the  electro- 
motive force  and  the  resistance.  The  qiiontity  varies  dirtftly  as  the 
eiectre-motive  force ;  and  if  there  were  no  resistance,  quantity  would 
be  precisely  the  same  as  electro-motive  force.  But  the  quantity  varies 
inversely  as  the  resistance,  and  therefore,  to  find  out  what  the  <[uantity 
of  any  current  is,  wc  divide  the  electro-motive  force  by  the  resistance 
The  fraction  thus  fomied  is  the  quantity  or  the  strength  of  the  current^ 
as  wc  commonly  call  it.  There  arc,  as  wc  have  seen,  two  kinds  of 
resistance,  that  in  the  battery  and  that  in  the  circuit  outsitk-  of  the  bat- 
tery ;  both  of  these  must  be  taken  into  account  in  estimating  the  relation 
of  the  different  kinds  of  batteries,  and  in  selecting  batteries  for  special 
kinds  of  work.  Let  E  be  the  electro-motive  force,  R  the  resistance 
of  the  circuit  outside  of  the  battery,  r  the  resistance  in  the  battery ; 

then =  Q,  the  quantity  or  strength  of  the  current — the  number  of 

farads  or  measures  of  electricity  that  flow  tlirough  the  circuit  in  a  given 
time.  The  correctness  of  this  mathematical  conclusion  may  be  demon- 
strated on  a  galvanometer  that  has  only  a  short  resisting  wire  ;  one  cell 
will  deflect  the  needle  nearly  as  much  as  one  hundred  cells.  Agiun, 
when  any  number  of  celts  are  joined  together  with  great  external  resist- 
ance,  such  as  is  offered  by  a  long,  fine  tvire,  or  by  the  whole  human  body, 
for  example,  the  quantity  of  electricity  that  flows  through  the  circuit 
will  increate  with  the  increase  in  the  uumber  of  cells. 

There  is  no  inconsistency  between  these  ]>henomena.  It  is  indeed  a 
part  of  and  a  conclusion  from  Ohm's  law.     Everything  depends  on  the 
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tsiemal  resistame.  Although  in  this  CAse,  as  in  the  other,  each  added 
cell  brings  in  its  own  internal  resistance  that  counterbalances  the  eleC' 
trowiiotivu  force,  yet  the  internal  resistance  bears  so  smali  a  proporlwn 
to  the  large  extcriial  resistance  that  the  quantity  of  electricity  flowing 
through  the  circuit  will  be  pretty  directly  proportioned  to  the  number 
of  cells. 

Still  keeping  Ohm's  law  before  us,  we  cm  demonstrate  this  maihe 
malically. 

Let  the  electro-motive  force  of  any  cell  be  10  volts,  and  the  interna, 
resistance  be  zo  ohms,  and  the  external  resistance  afforded  by  the 
human  body  lo.oco  ohms.  The  quantity  of  a  single  cell  could  be  thus 
tcpresented : 


M  iMcmal  raitDDcc,  smI  10,000  «sten»l  t«u>tMic«        10.090       looo 

Again,  we  may  illustrate  this  as  follon-s  : 

One  hundred  cells  are  joined  together  and  the  ends  arc  connected 
by  a  short  wire.  Let  the  electro-mot ive  force  of  one  cell  be  10  voltt 
or  units  of  electro-motive  force,  then  the  electro-motive  force  of  100 
cells  w-ill  be  1,000  voits.  I^t  the  resistance  in  each  cell  be  5  ehmSt  or 
units  of  resistance,  then  the  resistance  in  the  zoo  ceUs  will  be  50a 
ohms.  Let  the  resistance  of  the  short  connecting  wires  be  io,ooa 
ohms  :  now,  in  order  to  find  the  number  of  farads  ai  electricity — that 
b,  the  qtuntit)'  or  strength  of  the  current  that  flows  through  the  con- 
necting wire — divide  the  eltetro-melive  force  by  the  resistance.,  and  we 
have  this  fraction : 

i.ano  «lccao-iBOtive  faro i.oeo 

WbOOB  RiNUbCC  »f  wilr,  ftwl  JM  r«*MUn«  of  balKry         lOiSOO 

This  fraction  reduced  —  ^"j,  a  little  more  than  -^t  which  fraction  rep- 
resents the  quantity  of  electricity  that  (lows  through  tlic  wire. 

We  may  illustrate  this  law  by  supposing  a  current  of  water  ixtssed 
through  an  ordinary  syringe.  The  quantity  of  water  that  flows  ihro'igh 
the  tube  will  be  directly  proportioned  to  the  force  wi;h  which  it  b 
wged  forward  by  the  piston ;  this  force  would  correspond  to  electro- 
motive force.  The  friction  ttill  correspond  to  the  internal  and  ex- 
ternal rcsi-itancc  of  the  batter)'.  Now  if  we  divide  »the  one  by  the 
••ther,  we  have  the  (piantity  of  water  wliicli  in  a  given  time  flows 
thinugh  tlie  tube,  or  the  strength  of  the  current.  In  this  way  we  can 
4nd  the  number  of  cubic  inches  of  water  that  Sow  through  the  tube  in 
■  fccond  of  time,  Just  as  wc  can  find  the  number  of  farads,  or  units  of 


74  ELECTRO -PHYSICS. 

quantity  of  electricity,  that  flow  through  a  circuit.  It  foUovrv  rrom  al! 
this,  of  course,  that  if  the  clcctro-motivc  force  be  very  greatly  in- 
creased, the  resistance  being  the  same,  the  quantity  must  be  mcxeased ; 
but  if  the  resistance  be  increased  in  proportion  to  the  increase  of  the 
electro- motive  force,  the  rpuntily  will  not  be  any  greater. 

Absolute  Quantify  and  Actual  Quantity. — It  also  fclloves  that  the 
nbs&hde  quantity  of  any  battery — the  amount  that  it  is  capable  of 
gcncrating^may  be  very  much  greater  than  the  actual  quantity  thai 
it  sends  through  a  circuit.  Everything  depends  upon  the  resistance^ 
whether  it  l>e  small  or  great. 

Relation  of  Quantity  to  Electro-therapeutics. — It  is  important  to  know 
how  to  ascertain  the  quantity  of  electricity,  for  nearly  all  of  the  lead- 
ing actions  of  electricity  depend  on  quantity.  It  is  quantity  tha' 
deflects  the  needle  of  the  galvanometer,  and  quite  accurately  mea- 
sures ihc  current  that  passes  through  the  wires  tliat  surround  the 
needle.  It  is  quantity  that  decomposes  chemiral  substances,  as  water, 
salts,  the  human  body,  etc.  Hence,  electrolytic  operations  largely 
de]>cnd  on  the  quantity  of  electricity  that  flows  through  the  tissues 
acted  on.  It  is  quantity  that  accomplishes  mut!h  of  the  therapeutical 
effect  of  the  different  forms  of  electrization — although  tension  alone, 
with  very  small  quantity,  may,  as  in  the  case  of  frictional  or  frank- 
linic  electricity,  be  capaMe  of  therapeutical  effects.  Franlclinic  elec- 
tricity, however,  relieves  and  cures  disease  by  changing  the  electrical 
condition  of  the  patient,  by  giving  a  positive  or  a  negative  charge, 
niore  than  by  [he  passage  of  the  current  through  the  body,  and  the 
consequent  electro-tonic  and  chemical  changes.  Ordinary  faradic  or 
galvanic  electricity,  on  the  other  hand,  does  not,  as  many  sup|)Ose, 
charge  the  patient  with  electricity,  and  does  not,  by  its  direct  action, 
leave  any  more  electricity  in  the  body  than  it  finds  there.  If  lliey 
increase  or  diminish  the  natural  electricity  of  the  body,  it  ia  indirectly 
through  the  effect  of  quantity  of  electricity  passing  through  tlie  tissues 
and  improving  nutrition. 

Under  this  head  come  these  important  practical  conclusions: 

First,  IJ  any  large  number  oj  cells  mery  way  similar  are  jointd  in 
a  SHORT  CIRCUIT  ^y  large  connecting  wires,  and  without  any  other  ex- 
ternal resistance^  there  will  be  no  mare  quantity  of  electricity  fiowing 
than  if  a  small  number  of  similar  cells  were  so  joined. 

Although  each  additional  eel!  increases  the  electro-motive  force,  yet 
it  also  increases  the  resistance,  as  we  have  already  seen,  and  this  in- 
crease of  resistance  will  counterbalance  the  increase  of  etectro-ntotive 
fbrce,  so  that  the  quantity  of  electricity  that  flows  through  the  clicuii 
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trill  be  about  ihc  same.  Ohm's  law  will  demonstrate  this  ni.nt]ieinati- 
cally.  Let  the  clcciro'inotLve  force  of  any  cell  b«  lo  volts,  oi  units  of 
electro-motive  force,  and  the  resistance  of  eacli  cell  be  30  uhms,  ur 
units  of  resistance,  and  the  resistance  of  the  short  wire  2  ohms. 
Dinding  the  electro-motive  force  by  the  reRJ^l.incc,  we  have  for  a  single 
cell  }|  4-  I  =  H  =  ^r  =  '^^  quantity  that  one  cell  sends  through 
the  circuit. 

N'ow  let  there  be  50  similar  celts,  and  our  fraction  will  be  \^  x  || 
=  iWV  +  >  =  iVft  =  Hi  =  *  fraction  Uiat  varies  very  slightly  in 
value  from  ]*|.  Let  there  be  1,000  cells  and  we  have  this  fraction: 
Jl  ^  ^^  =  iihHJ  +  f  =  HHl  ■  The  result  still  differs  but  slightly 
ftora  diose  previously  obtained. 

Stcondly.  Large  eelis  connected  by  great  external  resistance,  as  the 
ittman  body,  or  a  ^alvatwmeler  with  a  hn^  resislanct-coU,  do  not  send 
more  quantity  cj  eUctriciiy  through  that  external  resistance  titan  simitar 
twMlI  cells. 

The  electromotive  force  of  large  celts  is  no  greater  than  that  of  simi- 
lar small  cells,  as  wc  have  already  seen.  The  resistance  is  less  because 
the  surface  of  the  plates  Is  greater,  and  the  greater  the  section  the  less 
the  resistance,  as  has  already  been  shown.  Hut  the  little  advantage 
thus  gained  from  large  cells  by  a  diminution  of  rcsiittance  bears  so 
small  a  frtipcrtion  to  the  great  external  resistance  of  the  human  body, 
or  of  a  very  long  wire,  that  the  quantity  of  electricity  actually  sent 
through  the  ctraiit  will  not  be  inaierially  increa.sed — at  least  by  any 
rciionablc  number  of  cells. 

Here  again  Ohm's  law  comes  to  our  assistance,  and  fortifies  our 
statement  by  a  rigid  mathematical  demonstration.  Let  us  suppose  a 
battery  of  100  small  cells.  Let  the  electro-motive  force  of  each  cell 
te  10  volts.  I^t  the  internal  resistance  of  each  cell  be  20  ohms. 
Ixrt  the  external  resistance  of  the  human  body,  through  which  the  cur- 
rent is  to  be  made  10  pass,  be  ro.ooo  ohms.  Now,  by  Ohm's  law,  to 
find  the  quantity  of  electricity  that  Hows  tlu-ough  the  human  body  when 
enclosed  in  the  circuit,  we  divide  the  electro  motive  force  by  the  tnter- 
oil  and  external  resistance,  as  follows : 


■00  ■    to  =  looa 


la,ngQ  (cuBanttl  munncvk  ■  loo  *  901  tooo  (uiWnt)  naUujic*) 


Let  ua  now  suppose  loo  similar  very  large  cells.     The  electro 
^motive  force  would  be  the  same,  the  external  resistance  would  be  the 
le.    But  the  internal  resistance  of  the  batt  jry  would  be  less  be- 
cause the  surface  is  greater. 
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By  a  law  previously  cxptaincd,  the  rcsisiance  varies  inversely  as  iJU 
t^are  c/  the  section.  Kor  convenience  sake,  we  will  suppose  the  re- 
fiislance  of  the  large  cell  to  be  ^  th.ii  of  the  small  onss — that  U  a— 
tnd  Olim's  law  n-ill  give  us  the  folloning  fraction  : 

io»  ■  la  s  iw  lt(tctn>-iit<ilivt  totte)  loaa    _    m 

tcvi»D  (exwnud  rntiaBK*)  mw  >  ■  =  •«>        loaoo         tot 

— a  fraction  that  is,  it  Is  tnie,  a  little  larger  tlian  ■^^  but  not  entiiigh 
be  worth  considering. 

The  same  triuli  may  be  shown  by  a  galvanometer  that  has  a  long 
resistance-coit.  If  the  iltiid  be  raised  just  a  little,  so  that  elements  are 
just  inimrrscd  ami  llic  poles  are  connected  with  such  a  galvanometer, 
a  certain  deflection  of  the  needles  will  tnke  place,  according  to  ilic 
number  of  cells ;  if  now  we  raise  the  fluid  still  higher,  so  that  all  the 
elements  are  immersed,  and  four  or  five  times  as  much  surface  is 
brought  into  action  in  each  cell,  the  needles  will  not  be  much  more 
deflected,  hut  will  remain  at  nearly  the  same  point  where  it  was  when 
the  elements  were  first  immersed.  This  is  an  experiment  that  we 
have  made  repeatedly. 

I'or  the  galvanometer  substitute  the  human  body  from  the  hand  to 
the  legs,  and  we  can  understind  the  great  fact  that  large  cells  do  rwt 
send  more  quantity  of  eleetridty  through  the  body  than  smalt  cells  oj 
similar  character. 

From  all  these  demonstrations  we  see  that  it  is  with  electricity  as 
with  money — the  absolute  quantity  that  any  man  may  give  may  be  a 
very  small  fraction  of  the  actual  quantity  that  he  can  be  made  to  give. 
A  millionaire  ha<>  a  far  greater  quantity  of  money  ihau  one  who  has 
only  a'thousand  dolLirs,  but  the  one  may  not  give  a  dollar  any  easier 
than  the  other.  Under  great  pressure  the  millionaire  may  give  a 
thousand  limes  more  than  the  poor  man,  just  as  a  battery  of  large  cells 
may,  before  sntall  resistance,  send  a  very  piuch  larger  quantity  of  elec- 
tricity than  a  similar  battery  of  small  cells ;  but  when  there  is  great 
leaistance  it  may  send  ver)'  little,  if  any,  more. 

In  electro-therapeutics,  as  in  telegraphy,  electro-metallurgy,  and 
other  uses,  large  cells  have  this  advantage,  that  they  last  longer  and 
do  not  require  so  frequent  cleaning  and  filling. 

Although  ihcy  cannot  in  a  given  time  send  through  the  human  body, 
or  long  lines  of  wires,  any  more  quantity  of  electricity  than  small  cells, 
yet  their  reserrr  quantity  is  much  greater,  and  in  proportion  to  Iheit 
sue  they  will  hold  out  longer  and  keep  up  a  more  uniform  current. 
The  poor  man  may  give  five  dollars  as.  easily  as  the  millionaire,  bu^ 
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lUtder  ^cat  pressure  the  oiilliouaire  can  keep  on  giving  out  five  dolUn 
loi^  after  tiie  resources  of  the  puor  man  are  exhauslc<l. 

Large  cells  may,  for  cleciro-iherapcuiical  purposes,  have  ihc  advan- 
tage of  j/eaJiness  of  current ;  there  would  appear  to  he  les%  jfuf/ua/ipfi 
ID  the  strength  of  the  current  from  moment  to  morr^nt  than  when  th« 
cells  arc  &niall. 

In  small  cells  ihe  degree  of  the  internal  resistance  and  the  extent  of 
the  cbemical  action  may  vary  more  or  less  from  luoment  to  moment, 
owing  to  the  {xjlarization  of  the  elements  and  the  deposition  of  the 
salts  in  the  solution.  This  fluctuation  is  most  marked  in  battoriea 
where  the  action  is  very  energetic.  Small  single  cells,  especially  the 
line -carbon  balteiicsi  lose  much  of  their  power  during  a  long  opera- 
tion. TA^  popular  n&ihn  that  large  eelU  have  a  thtrapeutie  advoH' 
tage  ofer  small  cells  by  sending  a  larger  quantity  of  electrWity  through 
the  body  is,  in  the  light  of  Ohm's  law,  as  well  as  in  the  light  of  expe- 
rience^ erroneous. 

ThirMy.  For  tha  eleetro-ehemieal  deeomposition  of  water,  talis,  and 
the  human  Iwdy  {electrolyiis),  a  eonsiderable  number  of  cells  of  mfdinm 
ti&e,  neither  very  large  »cr  very  small,  and  in  which  t/ie  ehemicaJ  action 
it  poteerful,  are  required. 

The  resistance  of  ilie  limited  portion  of  the  human  body  usually 
sabmittcd  to  electrolytic  operation  is  great,  though  not  so  great  as  that 
of  the  whole  body ;  and  as  we  have  seen,  before  a  great  resislanee, 
very  large  cells  give  no  greater  quantity  in  a  given  time  than  cells  of 
moderate  size.  If  the  cells  are  too  small,  however,  they  will  soon 
become  exiiausted.  For  electrolytic  operations,  the  ordmary  zinc -car- 
bon or  Walker's  batteries,  as  manufactured  in  this  country  by  the  Gal* 
vanO'faradic  Manufacturing  Co.,  Kidder  and  others,  answer  vefy  ex> 
cellently  most  of  the  purposes  of  electrolysis.  They  have  more  electro- 
motive  force  than  Smee's  elements,  and  although  not  as  cndjring,  they 
yet  give  a  greater  quantity  of  electricity  for  a  short  time,  whicii  is  of 
course  the  great  requisite  in  electrolytic  operations.  The  resistance 
of  the  skin  is  very  great,  but  in  electrolysis  Ihr  nredlrs  go  beneath  the 
skin,  and  are  placed  near  each  other.  The  rcslsLiiicc  is  very  much 
less  than  in  ejilertial  applicatluiis  when  the  electrodes  are  Cu  apart; 
hence  it  is  an  advantage  in  electrolysis  to  have  cells  of  good  si/e, 
though  not  of  lite  largest.  , 

Fourthly.  IVlicii  a  short  plaituum-ioire  in  a  short  circuit  is  to  bt 
heated,  as  in  gahano-eautery  operations^  a  very  few  large  cells  or  a 
tingU  2'ery  large  cell  is  preferable  to  a  large  number  of  small  celts. 

This  fact  has  long  been  practically  recognized,  and  all  the  batteries 
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for  galvano-cauler}'  uperalions  are  constructed  On  tlus  principle.  The 
reason  for  IhU  is  not  so  well  understood ;  Ohm's  law  gives  ui  the  ex- 
ilian alio  n, 

Flatinuni-wire,  tbough  it  resists  tlie  current  very  powerfully  as  com- 
pared with  stiver  or  copper  wire,  yet  offers  a  very  smxll  resistance  u 
comjKired  with  water  or  the  human  body,  uiiKry  long  wire  of  any  kiml 
Hence,  in  the  galvano-caucery  Instruments,  the  txternal  rcsisuince  iii 
small,  being  not  very  much  greater  tbiin  the  interna]  resistance  of  the 
batteries,  perhaps  not  so  great.  Now,  before  a  large  external  resist* 
ance— the  human  body,  or  very  long  coils  of  wires — tlie  surface  of  the 
elements  is  used  tu  the  best  advantage  when  cut  up  into  small  cells ; 
before  a  small  resistance,  tlie  surface  of  the  elements  is  used  at  the 
best  advantage  when  cut  up  into  a  few  large  cells,  or,  if  tlie  external 
resistance  be  very  slight  indeed,  a  single  large  cell  will  be  better;  for 
we  have  previously  shown  that,  in  a  short  circuit,  one  cell  gives  as 
much  quantity  of  electricity  as  one  hundred,  or,  indeed,  any  number  of 
cells. 

Let  us  suppose  too  small  cells ;  let  eacli  cell  liave  an  eleclro^motive 
force  of  10  volts  and  a  resistance  of  zo  ohms.  Let  there  be  enclosed 
in  a  circuit  the  human  body,  or  a  very  long  coil  of  fine  wire,  that  gives 
a  resistance  of  10,000  oiiius.  Then,  according  to  OInn's  law,  we  have 
the  following  fraction  : 

no  »  TO  =  tooo  sl«ctro'motiT«  force  ■ 


which  represents  the  quantity  of  electricity  that  flows  through 
circuit.  Suppose  now  one  cell  of  Uic  same  character,  but  very  much 
larger,  sends  a  current  in  a  short  circuit — through  a  thort  platinum- 
wire,  sucli  as  is  used  in  the  gaJvano-cautcry  for  cauterizing  surfaces 
Suppose  the  external  resistance  of  this  short  circuit  be  9  ohms.  The 
electro-motive  force  of  the  large  cell  is  no  more  than  that  of  the  small 
cell ;  the  internal  resistance  of  the  battery  is  very  much  less,  for,  as  we 
have  seen,  ilic  rcsisiancc  diminishes  as  the  surface  increases-  For 
convenience  sake,  we  will  suppose  tiie  internal  resistance  of  the  large 
to  be  iig-  that  of  the  small  cell — that  is,  i.  Now,  dividing  the  electro- 
motive force  by  the  resistance,  according  to  Ohm's  law  we  have  ihi! 
tesult : 

10  elecrro-cnotiv*  F:im  10 


(  catcnia]  ruutjuicc  *   >  lalcrsal  rctuUuc:        w 


the  quantity  of  electricity  that  flows  through  the  circuit,  or  twelve  times 
as  much  as  with  too  small  celts. 
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Suppose  DOW  this  one  Urge  cell  be  connected  hy  ^  lag  and  fine 
pUtinuiii-wire,  such  as  is  used  in  the  remova,!  of  tumors  by  galvano- 
cautcry  operations.  The  resUtance  will  of  course  be  greater,  for  two 
Kosoos,  bccatise  the  wire  b  longer  and  because  it  is  finer ;  for  the  law 
it,  ilie  less  the  surface  or  section  the  greater  the  resistance. 

Suppose  the  resistance  be  19  ohms.  Dividing  the  electro-motive 
force  by  the  resistance,  we  have — 


10  (fecVOHtiotiv*  fam 


(9  «»MTiul  rcMUiiM  *  I  ioicnwl  raulMtet       aa       a 


thai  it,  pnt-half  the  quantity  0/  t/eeirUity  that  there  Toas  when  a  sheri 
flatinMm-7cire  was  in  thf  circuit.  \eT<f  likely  this  would  not  be 
enough  10  heat  the  wire  and  keep  it  hot  during  a  long  operation. 
This  law  comes  lo  our  rescue,  and  helps  us  out  of  this  as  of  so  many 
other  difficulties.  Cut  up  the  one  large  cell  into  two  cells,  and  inter- 
pose the  long  fine  platlnuni-wire  in  the  circuit  The  electro  motive 
liirce  will  be  doubled,  the  external  resistance  mil  be  Uie  same ;  but 
the  internal  reustance  will  be  greater  because  the  surface  is  diminislicd. 
Dividing  the  electro-motive  force  by  the  lesistajice,  our  fraction 
Stands  Uius : 


vdeclrMnotitc  ti(«e 


(9satu«kl  mistanca  +  4  tiiunul  imUosL-c 


which  is  nearly  double  the  quantity  of  elcciriciiy  sent  through  tlie  long 
wire  by  a  single  cell.  Thus  is  explained  the  fact  that  the  besi  galvano- 
cautery  batteries  are  arranged  so  as  to  be  thrown  into  one  large  cetl^ 
or  cut  up  into  several  cells,  according  as  a  short  or  long  wire  is  to  be 
healed. 

//  has  been  found  by  experiment  that  the  heat  devehfied  by  the  eurreM 
in  any  wire  tt  prepvrtioned  to  the  tptarei  of  the  ^antity  of  electricity 
tkatfitnps  through  it. 

This  is  demonstrated  by  passing  a  current  tlirough  platiiiumwiref  in 

bottle  of  alcohol.  The  heat  is  communicated  to  the  alcohol,  and  the 
hcrniometcr  sliows  the  temperature.  It  is  found  if  a  current  of  a  cer- 
uin  quantity  raises  the  tcnji>craiure  lo,  a  current  of  twice  that  strength 
will  raise  it  40. 

Again,  it  is  found  by  experiment  that  the  heat  deaehped  by  the  cur- 
\Tttti  in  any  wire  is  proportioned  to  the  resistance  of  the  wire. 

This  is  demonstrated  with  ilie  arrangement  just  described,  by  insert- 
Utg  a  rheofUt  whose  resistances  are  known,  so  as  to  keep  the  quaatitj 
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of  electricity  constant  at  a  fixed  point,  and  then  inserting  platinum 
wires  of  ilifTerent  lengtlis  into  the  bottle. 

From  all  this  it  follows  that  batteries  for  galvano  cautery  sfiould 
have  Urge  surfaces  and  a  small  number  of  cells,  and  that  ihcy  should 
be  arranged  so  that  the  surface  may  be  used  as  one  or  two  cells,  or 
cut  up  into  four  or  six,  according  as  short  or  lung  wires  are  to  be 
healed 

Fifthly.  Jt  /oU<ntfS  thai  the  don  ^f  an  eUctrieal  appikalion  cantiot 
bt  aecurjtely  descr'tbtd  by  itating  the  number  of  cells  and  the  leni^fh  ej 
the  sUttHg. 

This  conclusion  is  an  important  one.  and  for  want  of  a  knowledge  of 
it  elcctro-ilierapcutists  conllnuLilly  blunder. 

Supposing  now  that  we  are  treating  a  patient  locally  or  centrally  bj 
the  galvanic  current,  and  wc  desire  to  trauAfer  the  patient  to  another 
]ihy&ician.  Wc  infuriu  (ht;  pliysician  to  wliotii  the  traubrer  is  made,  that 
we  arc  treating  the  paiicnc  with  ten  cells  for  ten  minutes,  and  we  desire 
that  he  should  continue  to  give  the  same  dose.  In  llie  tight  of  Ohm's 
law,  let  us  see  what  such  instructions  are  really  worth.  The  ijuaniity 
ofelcclricity  that  passes  through  tlie  patient  in  a  minute  is  equivalent 
lo  the  eleciro  motive  force  divided  by  tlie  resistance;  multiply  the  quo. 
tient  iJms  obtained  by  ten,  and  we  have  the  dose  of  electricity  that  the 
patient  receives  in  ten  minutes.  If,  now,  all  the  factors  that  determine 
the  electro-motive  force  and  the  external  and  internal  resistance  were 
constant  and  were  accurately  known,  and  if  they  were  the  same  for  all 
batteries  and  all  modes  of  application,  then  the  dose  tlius  ordered 
would  be  a  mathematical  one,  and  could  be  mathemaitcalty  followed. 
No  forms  of  error  are  so  erroneous  or  so  illusory  as  those  tiial  approach 
tis  under  cover  of  facts  and  figiuea.  In  our  very  attempt  to  be  accurate 
we  stumble  into  gross  inaccuracy.  Had  we  Icl't  the  wluile  luallct  to  the 
judgment  of  ihe  physician,  with  some  general  sti^cstions  as  lu  the  sus- 
ceptibility of  the  i>atienl.  we  should  have  come  fax  nearer  the  truth,  as 
will  bf  npparcnt  by  the  following  considerations. 

The  cicciro  motive  force  varies  in  different  batteries,  and  in  the  same 
battery  at  different  limes.  Grove's  battery,  fur  example,  has  four  liines 
the  electro  motive  force  of  Smce's  battery  in  action,  and  twice  the  elcc 
tro-motive  force  of  zinc  and  copper,  or  D.inicirs  battery.  Then,  aj;ain, 
the  flectio-niotivc  force  will,  in  some  batteries,  as  Sniee's  or  Walker's, 
fall  oif  during  an  application  ;  and  in  all  batteries,  hon-ever  constructed, 
the  electro-motive  force  varies  at  different  times,  from  causes  not  yei 
detennined. 

But  the  electiu-mottve  force  is  constancy  itself  in  comparison  witb 
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the  variations  of  the  internal  aiid  extcnial  resistances.  Beginning  with 
ifae  iniernal  resistance,  we  6nd  lliat  for  a  Grove's  cell,  containing  one 
jMot  of  liquid,  it  is  very  small,  less  than  one  ohm ;  for  a  Daniell's  cell, 
5  to  IS  ohms,  and  for  a  Smee's  cell,  less  than  one  ohm.  The  internal 
resistaDce  varies  with  the  si^c  and  shape  of  the  cell,  the  distance  of  the 
plates  from  each  other,  and  with  the  length  of  time  that  ihe  battery  is 
in  action.  Even  if  the  clcciro-moiive  force  and  external  resistance 
were  accurate  and  constant,  the  variations  in  tlie  internal  resistance 
would  be  sutlicient  to  vitiate  all  atteaiiits  at  prescribing  electricity  by 
the  number  of  cells. 

But  it  is  in  the  external  resistance  that  we  6nd  the  greatest  variation, 
uncertainty,  and  inconstancy  in  apiilicalions  of  electricity  to  the  human 
body.     The  external  resistance  depends  on  the  following  factors: 

ist.  The  size  and  construction  of  the  wires  that  connect  iJic  battery 
with  the  electrodes.  The  larger  the  section  the  less  the  resistance, 
and,  therefore,  large  wires  will  conduct  more  than  small  ones.  A  ccr* 
tain  conventional  size  is  manufactured  by  each  Inslrumcnt-makcr,  but 
the  sizes  vary  with  dilTcrcnt  makers. 

3d.  The  size  and  shape  of  the  electrode.  Up  to  a  certain  point, 
*arying  wiih  the  number  of  celts,  a  large,  broad  electrode  will  conduct 
more  than  a  small  and  narrow  one.  A  metallic  electrode  conducts 
Very  much  belti-r  than  a  sponge ;  flannel  conducts  much  better  than 
sponge,  but  worsie  than  metal.  The  difference  in  the  conducting  power 
of  metal,  sponge,  and  dannel,  is  great  A  current  whidi  is  painful  when 
applied  by  a  metal,  and  is  quite  perceptible  when  applied  by  a  flannel 
or  chamois,  is  not  felt  at  all  wlien  applied  by  a  <;]ionge.  The  painful 
ness  of  an  application,  it  is  true,  docs  not  depend  on  \hc  amount  of 
electricity  tliat  passes,  but  is  also  niodi5i:d  by  the  extent  to  which  the 
Current  is  diflused.  This  would  depend  on  the  action  of  the  electrode. 
With  the  same  current  passing,  the  hand  of  the  operator  would  proba- 
bly be  less  irritating  than  a  sponge  or  flannel. 

jd.  Tlic  quantity  and  quality  of  the  liquid  used  to  moisten  llie  clcc* 
tiodes.  Electrodes  that  arc  perfectly  dry  conduct  but  little,  at  least 
with  currents  of  the  tension  used  in  eIcclro-thcr3]>C!Uics.  Eleclrodea 
that  are  wet  with  warm  water  conduct  better  than  those  that  are  wet 
with  cold  water ;  and  those  that  are  wet  with  warm  salt-water  conduct 
best  of  all.  The  difference  in  the  conductiWty  of  a  sponge  wet  with 
^ple  cold  water  and  one  wet  wiih  warm  salt-water  is  so  great  that  a 
Current  which  is  nut  felt  wiien  applied  by  tlic  former,  becomes  unbearable 
when  applied  by  the  latter. 

4tli.  The  amount  of  pressure  that  is  used  on  the  electrodes.     If  ilie 
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wet  si>ongc  is  ligliily  pressed  ii  conducts  but  litilct  Aii«t  it5  conductivit} 
increases  with  the  pressure,  l-mu  pressure  iiioUtens  the  skin  inon: 
thoroughly,  and  thus  increases  its  conducttvily,  and  at  the  same  linu*  it 
brings  into  coaptation  all  parts  of  the  siwngc,  so  that  it  becomes  well 
saturated. 

5ih,  'I'lie  position  and  extent  of  the  body  included  between  the  elec- 
trodes. 'J  his  factor  is  a  most  important  one,  and  it  has  been  itnac- 
couiitaljlv  overlookc<I  in  all  disciissiuns  on  this  siihject.  The  difTcreiice 
in  the  coaduciiviiy  of  the  bones  and  soft  tissues  is  all  the  ditTcrence 
between  twenty  and  one,  and  in  all  parts  the  conductivity  is  modified 
by  age,  by  temperament,  and  by  disease.  The  resistlnce  of  ihc  whole 
body,  from  one  hand  to  the  other  through  the  shoulders,  is  ahont  seven 
or  eight  times  the  resistance  of  the  Atlantic  cable,  and  the  resistance  of 
the  whole  length  of  the  body,  from  the  head  and  shoulders  to  the  feet, 
is  probably  greater  than  that.  But  the  resistance  of  any  limited  [wrtion 
of  Ihe  body,  as  the  heail,  or  spine,  or  cer\'ical  sympathetic  and  pnen- 
mogastric,  or  individual  muscles  or  nerves,  must  be  only  a  tractional 
part  of  the  resisiance  of  tJie  whole  body.  Other  conditions  being  lite 
sajiie,  the  nearer  the  electrodes  are  to  each  other  the  less  the  resistance. 
This  iiu.y  be  illiislra.tcd  by  an  cx]jeriment  tliat  we  have  freipienlly  triciL 
If  one  elccuode  be  put  in  the  vagina  and  the  otlier  in  the  rectum,  a  cur- 
tent  of  but  two  or  four  cells  inay  be  painfully  fell;  but  if  one  of  llie 
electrodes  is  placed  externally  on  the  back  or  hypogasiriutn,  a  current 
of  a  dozen  or  more  cells  may  be  scarcely  perceived.  Tlie  same  experi- 
ment may  be  tried  on  the  back  ;  placing  one  pole  on  the  nape  of  the 
neck  and  the  other  at  the  luwer  end  of  the  spine,  a  current  that  is  jU6t 
perceptible  at  first,  as  the  electrodes  approach  each  other  becomes 
positively  unbearable. 

6th.  The  length  of  the  application.  When  the  galvanic  current  is 
first  applied  to  die  body  by  vrct  sponges,  but  little  sensation  is  expert* 
cnced  on  the  skin  ;  but  in  the  course  of  a  few  itecunds  a  burning  pain  is 
felt,  that  increases  with  the  length  of  the  appUcatioti.  This  is  cx]>laincd 
ill  pari  by  the  chemical  changes  that  take  place,  and  in  part  by  liie  fact 
tliat  as  the  skin  becomes  more  and  more  moistened  by  the  pressure  oi 
the  wet  sponge,  and  the  skin  under  the  electrode  becomes  more  and 
more  congested,  the  resistance  is  diminished.  Consequently,  towaril 
the  dose  of  even  a  verj'  short  apidication,  more  electricity  passes,  all 
other  conditions  being  the  same,  than  at  tlie  beginning.  On  tJiis 
account  it  frequently  becomes  necessary  to  reduce  tlie  number  of  cells 
during  the  silting,  especially  when  the  electrodes  are  kept  all  the  time 
ua  one  spot.     Thus  it  becomes  clear  tliat  any  aitempt  to  prescribe  the 
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dose  of  electricity  by  ilie  miinber  of  cells,  in  ontinary  exttrnj/ SLi>\A\ax- 
lions  to  the  body,  must  fail  of  its  object.  In  elcctrulysts,  wliere  the 
acedles  are  alwap  unitetl,  near  to  each  other  and  uiiiler  the  skin,  the 
chances  for  error  are  not  so  great,  since  there  is  much  less  variation  in 
the  rciiislance.  If,  in  describing  an  electrolytic  oiicraiioii,  wc  specify 
the  tim/sind  number  of  cells  usefl,  and  the  mode  and  length  of  opera- 
tion, we  convey  a  tolerably  correct  idea  of  what  was  really  done.  The 
lime  may  come  in  tlie  advance  of  science,  after  |>h)-siology  shall  have 
found  its  Newton  to  reduce  its  present  chaos  to  order  and  law,  when 
it  shall  be  possible  to  prescribe  so  many  Jaraitt  of  electricity,  repeated 
^Ihrec  times  a  week,  as  wc  now  prescribe  so  many  grains  of  bromide  of 

nassiiini,  or  so  many  drop&  oi  laudamini.  repeated  tiirc^e  times  a  day; 
but  for  ilic  present  we  can  rest  assured  (hat  when  we  describe  the  cui- 
icnl  that  wc  em|)loy  as  w/A/,  or  medium,  or  strotif;,  and  have  staled  the 
tneUiod  and  Icngtii  and  frciptency  of  applkaliun,  we  liavc  attained  all 
the  accuracy  that  science  will  allow. 

Although  the  above  stnteinenis  have  reference  only  to  the  galvanic 
nirrent,  they  just  as  truly  apjily  to  the  faradic  ;  for  induce<l  as  well  as 
galvanic  electricity  is  subject  to  the  law  of  Ohm.  One  dlfTerence,  how- 
ever, shuul  J  be  noted,  that  on  account  of  the  slighter  chemical  action 
of  the  faratl.'.''urreni  the  resistance  of  the  skin  beneath  tlie  electrodes 
does  not  diminish  with  the  length  of  the  application.  I>'nr  the  above 
reasons  the  graduated  scales  that  acconijiany  some  of  the  faradic 
machines  for  electro  therapeutics  arc  of  but  little  practical  value. 

Finally,  Ohm's  law  txplains  the  fact  of  observation,  that  when  the 
poles  of  a  galvanic  battery  are  metallically  connected,  the  chemical 
action  in  the  batter)*  is  greatly  increasLHl  and  the  plates  rapidly  de- 
Slroyed.  The  metals  being  better  conductors  \\\nr\  the  body,  conduct 
a  much  greater  quantity  of  electricity ;  and  as  the  potential  quantity  of 
electricity  that  any  battery  is  capable  of  generating  is  limited,  then 
when  the  resistance  between  the  poles  is  least,  the  action  must  be 
ilrongest,  and  tiie  metals  the  most  rapidly  consumed.  Neglect  in  tllil 
tej^d  causes  the  premature  destnictiuTi  of  many  batteries. 
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BElJlTlOK   OP    EtECniO.PIlVSIOrj)CV  TO    ELKCTRO-TIIERAPEirnCS — 
ANrUAL  KLECTRICmr. 

Eiectro-physiohgy  it  thi  icienet  which  treatt  boih  of  tht  taws  of 
aniata/  eUctrUity,  and  also  of  the  phenomena  produced  by  the  act'tou  of 
tleetrleity  on  the  body  in  health.  W'c  jiroijosc  to  present  tills  subject 
at  coni)>actiy  as  possible,  and  consequently  shcUI  speak  only  of  those 
fad*  that  arc  necessary  for  a  true  api>reciaiion  of  tlic  science,  and 
chielly  of  those  that,  directly  or  indirectly,  have  a  practical  bearing  on 
electro  therapeutics. 

jApvrtanee  of  a  Knowledge  of  Electro  phytiolo^  to  the  FJeetro-thera- 
peutiit. — Ii  is  of  course  poiwblc  to  use  electricity  siicccsifiiUy  in  thera- 
peutics wiihmtt  any  thought  of  its  physiological  action,  and  thousands 
have  50  usetl  \\.  it  is  iwssiblc  to  relieve  pain  of  almost  every  variety, 
and  to  cure  any  of  the  curable  forms  of  paraljiits,  without  understanding 
Anything  of  the  action  of  electricity  on  nntriiion  or  on  the  normal  nins- 
cle.  Any  old  country  granny,  the  stupidest  of  nurses,  an  infant  even, 
can  hold  two  sponges  on  a  part  of  the  surface  of  the  body,  and  let  the 
current  run.  Those  who  aim  no  higher  than  thi* — the  indiscriminate 
holding  of  electrodes  on  patients — need  give  no  thought  to  electro- 
pbystotogy ;  need,  indeed,  waste  no  time  on  this  or  on  any  other  work  of 
electrotherapeutics  :  they  do  not  even  need  to  trouble  themselves  wiih 
the  details  of  the  applications,  but  have  simply  to  delegate  them,  n-iih- 
out  reserve,  to  the  nearest  nurse  or  clodhopper.  Those,  we  assert,  who 
aim  no  higher  than  this  will  fall  short  of  even  that :  their  success  in 
relieving  symptoms  by  electrization  will  be  so  capricious  and  iliusor}-, 
that,  in  tune,  they  will  abandon  the  attempt,  allow  their  battery  to  grow 
rusty  in  the  garret,  and  thenceforth  they  will  condemn  and  desjiise  sd* 
cniific  and  successful  electro- therapeutists. 

The  flectriMheraiicuiisr,  above  all  others,  should  start  out  under  the 
tnspiralion  of  the  motto  of  ihc  late  President  Dwight :  "  Aim  high,  for 
jrou  win  be  sure  to  come  short  of  your  aim."  To  ai'ply  electricity  aflei 
the  manner  of  nurses  and  "  rubbing  docto's"  is  not  using  it,  but  abus- 
irt;  it. 
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Those  who  asjiirc  lo  masfcrsliip  in  electro-therapeufics  will  not  be  con 
icni  with  the  mere  attempt  to  relieve  s>inptonis ;  they  will  seek  lo  study 
those  most  complex  and  subtle  diseases  for  the  treatment  of  which  elco 
Iricty  is  indicated  ;  they  will  resort  to  this  force  for  diagnostic  as  well  as 
therapeutic  aid  ;  they  will  strive  to  know  not  only  how  lo  use  it,  but,  what 
is  more  difficult,  how  not  to  usw  it.  He  only  can  reap  the  full  and  rich 
harvest  of  electro  therapeutical  science  and  art  who  sows  beside  all 
waters ;  he  must  become  more  or  less  proficient  in  neurology,  in  electro- 
physics,  ami  in  clcctro-physioIogy.  He  who  has  a  knowledge  of  the 
laws  of  animal  electricity,  and  the  actions  and  reactions  of  franklinic, 
galvanic,  and  faradic  electridty  on  the  brain,  spinal  cord,  and  sympa- 
thetic ;  on  the  nerves  of  motion  and  of  common  and  special  sense ;  on 
voluntary  and  involuntary  muscleii;  on  Ihc  skin,  and  on  all  the  various 
passages  and  organs  of  the  body  in  health,  and  al&o  of  the  electro-con* 
duclivity  of  the  body,  will  find  the  paths  of  electro-diagnosis  and  of  elec- 
tro-therapeutics illumined  at  every  step  by  such  knowledge,  and  will,  in 
the  end,  make  more  correct  intcr|ircrations  of  disease  than  he  who 
merely  holds  electrodes  on  patients  without  any  higher  aim  ;  and  ftiore 
than  that,  he  will  be  introduced  into  a  field  of  thought  and  experiment — 
a  field  surpassingly  rich  and  fruitful,  and  lying  in  close  relation  to  all 
departments  of  physiology,  of  patliology,  and  of  biolog)-,  where  he  can 
study  science  for  its  own  sake,  without  regard  to  its  immediate  practical 
value. 

In  the  above  remarks  we  da  not  wish  to  be  understood  as  stibscrib* 
ing  to  the  notion,  quite  popular  among  some,  that  clcctro-thcrai>cuiica 
roust  be  based  on  electro-physiology ;  verydr  from  it :  the  two  sciences 
are  closely  related  and  are  of  reciprocal  assistance,  but  one  is  not  built 
up  on  the  other.  Ncitlier  are  exact  sciences,  and  may  never  become 
such.  Palhology,  though  it  is  but  "  l!ie  slxady  side  of  physiology,"  yet 
io  compUcates  tli era peii tics  that  electro  physiology  cannot  become  a 
reliable  basis  for  electrotherapeutics.  The  two  sciences  are  pursued 
mainly  by  different  methods :  electro-physiology  is  a  science  of  experi- 
ment; electro-therapeutics  is  a  science  ofexi>erience. 

Eleetrihphysiifhgy  largtiy  Studied  by  Experiments  on  the  Livitg  Hit- 
man Subject. — An  advantage  of  great  import  to  electro-i)hj-siology,  and 
one  that  especially  commends  it  to  the  electro-iherapeutist.  is  that  it  is 
largely  based  on  experiments  made  on  the  living  hiutian  subject.  True 
enough,  thousands  of  frogs  have  given  up  their  lives  in  the  electro  physi- 
ological laboratory,  and  dogs  and  cats,  rabbits  and  guinea-pigs,  rats,  and 
monke}'s  even,  have  been  subjected  to  electric  tests  while  living,  in  health 
and  uninjured,  while  dying,  and  when  dead ;   but  some  of  the  mo«< 
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interesting  and  wiggesrive  phenomena  of  this  scietice,  tliosc  wliich  have 
tlw  nearest  practical  relation  lo  electro- therapeutics,  can  be  best  studied 
on  the  living  human  subject,  and  wlihottt  injuring  the  subject  experi- 
mented on.  This  is  tlie  supreme  advantage  of  the  study  of  the 
physiological  action  of  elcctiiciti'  over  the  study  of  the  physiological 
action  of  the  majority  of  drugs.  The  objection  so  often  made  against 
experiments  made  with  medicines  on  inferior  animals,  that  they  do  not 
teach  the   action  of  such  medicines   on  the  human  body  in  disease. 

,  cannot,    therefore,  apply  to   electro-physiology,   except  to  a  limited 

'  degree. 

Not  a  few  of  the  physiological  reactions  of  the  human  body  to  cicc 
tricity  can  be  studied  while  making  therapeutical  applications.  The 
reaction  of  voluntary  muscles,  of  Uie  motor  and  sensory  nerves,  of 
some  of  the  nerves  tjf  special  sense,  to  electricity,  and  the  general  effects 
of  electricity  on  nutririon,  are  taught  us  every  time  we  electrize  a  patient 
by  any  of  the  familiar  methods  of  ajiplicaiion.  Electro-physiology  and 
electrotherapeutics  thus  go  hand  in  hand. 

T7ie  Loealisaiion  0/  Electricity  in  the  Body  an  Adt-antage  in  Studying 
Us  Phytichgical  Effect. — Tlic  drugs  with  which  wc  experiment  on  ani- 
mals, in  order  to  tearn  their  physiological  action,  are  usually  absorbed 
and  carried  through  the  whole  system  ;  to  confine  their  action  to  any 
port  Or  member  is  impossible.  If  they  select  any  organ  on  which  to 
expend  their  force  in  preference  to  oilier  parts,  it  is  by  virtue  of  their  in- 
herent affinity  for  such  organ,  and  no!  from  any  power  in  the  experimenter 
to  confine  them  there.  Ltiit  electricity  can,  to  a  certain  extent,  be  local- 
ized in  a  muscle  or  nerve,  or  in  some  special  organ  ;  thus  its  effects  can 
be  studied  witli  greater  precision  and  certainty  tlian  the  effects  of  drugs 

tintem.-dly  administered     Thus  the  pliysioIogicaJ  action  of  electricity  has 

:  a  spcci.i!Iy  practical  bearing  on  its  therapeutical  action. 

Animal  Electricity  is  the  Electricity  that  exists  in  Animal  Belies, 
£(eetric  Fishes. — ^The  most  remarkable  display  of  animal  electricity 
appears  in  certain  varieties  of  fishes.  At  a  very  early  period  it  was 
known  that  a  certain  flat  fisli  had  not  only  the  power,  when  touched,  to 
give  forth  shocks,  but  could  impart  to  other  bodies,  for  some  distance 
through  the  water,  a  benumbing  influence.  This  i)l]cnomenon  was  first 
proved  by  actual  experiment  to  be  of  an  electrical  nature  as  early  as 
<773  ;  i»nJ  soon  after,  by  means  of  a  number  of  Leydtm  jars,  connect- 
ing with  a  disk  of  leather  or  wood,  cither  side  of  which  was  covered  by 
tiofoil,  an  artificial  torpedo  was  consCtvcted.  The  subject  of  animal 
electricity  is  one  of  great  scientific  interest,  and  may  in  time  become 
of  direct  practical  value  to  electro -therapeutics.    This  peculiar  povcr 
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is  possessed  only  by  a  small  nimibcr  of  fishes,  the  best  known  ofnliicb 
are  the  torpedo  or  electric  ra\\  the  f^jmao/ia  or  eUctrtc  f^/,  and  the 
tifctric  shad, 

Tliis  development  of  electricity  docs  not  take  place  in  all  parts  of 
the  fish,  but  is  conftned  to  a  peculiar  expansion  of  the  nervous  system, 
called  the  clccmcal  organ.  The  nerves  constituting  the  electrical  or- 
gans of  the  toriJcdo  ami  gymnotiis  are  of  great  size.  Those  of  lUe  for- 
mer consist  of  three  principal  trunks,  and  arise  from  the  cercbro-spinal 
system  ;  while  the  nerves  composing  the  electrical  oi^ans  of  the  laller 
arc  derived  from  the  s|iinal  cord  alone,  As  stated  abo\"c,  the  phenom- 
ena produced  by  these  fishes  are  similar  to  those  which  are  obtained 
from  electricity  that  is  artificially  generated. 

ir  electric  fishes  are  touched  with  the  hand,  a  shock  is  perceived,  while 
if  glass,  resin,  or  any  otiier  non-conductor  is  intervened,  no  effect  is 
produccd- 

SjKirks  may  be  drawn  from  them  in  the  sane  way  that  they  are  drawn 
from  other  bodies  that  arc  artificially  charged  with  electricity.  The 
current  obtained  from  them  will  magnetize  steel  needles,  decompose 
water,  and  if  the  needle  of  agalvanometer  be  brought  into  the  circuit  it 
will  immediately  suffer  deflection,  so  that  the  direction  of  the  current 
may  be  readily  determined. 

The  electric  force  of  the  fish  is  much  weakened  after  It  has  exerted 
its  power  a  number  of  times  in  quick  succession,  and  it  requires  rest 
and  nourishment  to  enable  It  to  recover  its  normal  vigor. 

History  cf  the  Discixvery  of  Electricity  in  the  Bady  of  Man  and  other 
Animals. — Wc  have  alrca<ly  seen  (Kleclro-I'hysics,  'p.  4a)  that  Galvani 
discovered  in  17S6  that  muscular  contraction  follows  the  contact  of  the 
nerves  and  muscles  of  a  fiog  with  a  heterogeneous  ujetalHc  arc.  From 
this  obscrvatiotx,  and  from  subsequent  study  of  the  subject,  Galvani  was 
inclined  to  believe  and  to  declare  that  in  the  tissues  of  animals  there 
exists  a  special  independent  electricity,  which  he  called  animal  elee- 
trieity.  Although  Galvani's  couchisions  were,  as  wc  now  know,  not  en- 
tirely logical,  yet  Lie  stumbled  on  an  important  discovery  that  was  des- 
tined to  be  demonstrated  and  confirnied  by  other  and  later  olwcrvers. 

There  is  such  a  force  as  animal  electricity,  but  the  experiments  ol 
Galvani  arc  explained  by  contact  of  dissimilar  substances  and  by  the 
chemical  action  of  the  fluids  of  the  body  on  tlie  metals,  and  not  by  the 
el-^tricity  of  the  body. 

VoUa's  Researches  have  already  been  given  in  FTlectro- Physics  (p.  50). 

ffumboldts  Researches. — In  1 799  >Iuiiiboldl  published  a  work  contain- 
injf  the  rcstiU  of  many  and  curious  experiments,  the  object  of  which  was 
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ihow  that  both  Volta  and  Gatvani  were  right  and  1  oth  wrong  ;  thai 
itierc  was  such  a  thing  as  anin;al  electricity  ;  that  Calvani  was  ii»  erru: 
in  regarding  ii  as  the  only  fonn  of  electricity  that  appeared  in  his  ex- 
(■ennients  ;  and  that  Volta  was  in  etror  In  reftiKlng  to  admit  its  exist- 
Ct)CC- 

Afifini's  and Nobilti  Researches. — In  1803  a  nephew  of  Galvani, 
Jdini,  iHiblishcd  experiments  that  went  to  demonstrate  the  existence 

uiiinil  electricity.    The  voltaic  pile,  however,  was  a  stronger  argu- 
"ment  against  the  existence  of  animal  electricity  than  any  cxiierinicnts 
coiiM  be  in  its  favor,  and  fur  ihei^e  reasons  animal  electricity  ivas^for- 
g(»iten. 

In  1827  M.  Nobili,  having  constructed  a  very  sensitive  galvanome 
tcr.  was  enabled,  as  he  supposed,  to  detect,  without  doubt,  the  exist 
«ice  of  an  eleclric  current  in  the  frog.  He  observed  lliat  when  the 
needle  was  placed  in  the  circuit  it  (loviated  some  30". 

Researches  cf  Afatfeucci  and  Dh  liois- Reymond. — A  few  years  subse- 
qncnily,  Matteucci  ttirneil  his  nitenlion  to  ihiis  subject ;  but  it  was  re- 
served  for  Du  Iteis-Rcymond  to  investigate  most  clearly  and  most 
fully,  if  not  most  conclusively,  the  eleclric  properties  of  the  nerves  and 
ntuKles. 

Hy  these  two  observers  il  is  bclie%-cd  to  have  been  shown,  ist.  That 
currents  in  ever)' res] tec t  like  the  frog-cntrcnl  of  Nobili,  are  not  peculiar 
lo  the  frog,  but  are  inherent  in  all  animals,  warm  and  cold-blooded — 
in  toads,  salamanders,  frcsh-w.iter  crabs,  adders,  lizards,  glow-worms, 
ind  tortoi<;cs,  as  well  as  nl)bits,  guinea-pigs,  mice,  pigeons,  and  spar- 
rows.    (Du  Ik)js-keymi)nd.) 

sd.  That  currents  are  found  in  nerves  as  welt  as  muscles,  and  that 
both  .ire  subject  lo  ihe  same  laws.     {Dii  Bois-Reyiiiond.) 

3d.  Tint  tho  current  usually  observed  is  a  muscular  current  that  is 
[>n9ihiced  by  the  muscles,  the  nerves  acting  only  as  inactive  conduc 
lurs,     (Di:  IIois-Reyniond.) 

4th.  'l*h.ii  this  muscular  current  may  be  upward  or  downward,  and 
Ihai  ihe  airrent  of  the  whole  lijiib  is  the  resultant  of  the  partial  cur- 
rvfits  of  each  muscle.     (I>u  Itois-Reymond.) 

5ih.  That  these  currents  tio  not  depend  on  the  contact  of  hete- 
rogeneous tissues,  as  V'olra  hail  tjelicved,  for  the  nervrs,  muscles,  and 
tendons  in  their  electrical  relations  are  homogeneous.  ( l>u  Itois-Rcy- 
mond) 

6th.  Thar  electricity  is  found  not  only  in  the  muscV-s  and  nerves, 
hut  alsu  ir.  the  brain,  spinal  coni,  and  sjiu pathetic — in  nioEor,  sensory,  and 
nixed  ncr\'es — in  a  minute  section  ,as  well  as  in  a  large  mass  of  nervouj 
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substances — in  a  small  fibril  as  veil  as  in  a  large  muscle — in  the 
•spleen,  tescidcs,  kidneys,  liver,  lungs,  and  tendons ;  but  not  in  fascix, 
sheaths  of  nerves,  and  sinews. 

7Lh.  That  animal  electricity  is  capable  of  decomposing  iodide  ot 
potassium,  and  of  deflecting  the  needle  of  the  galvanometer,  (Mat 
teucd.) 

Sth.  In  the  muscles  and  nerves  electricity  is  in  the  condllion  of  a 
ehsed  circuit. 

9th.  That  contraction  of  muscle  is  accompanied  by  an  electric  ^j>-| 
charge  resembling  that  of  a  torpedo.     (Mattcucci.) 

It  was  the  perusal  of  the  essay  of  Matteucci  tliat  inspired  Ou  Uois- 
Reymond  to  undertake  those  magnificent  researches  that  have  given; 
him  a  name  and  a  fame  in  the  realm  of  electix>logy. 

He  devised  special  apparatuses  for  his  researches,  and  handled  thera 
with  great  skill  and  patience. 

Even  if  many  of  the  conclusions  presented  are  erroneous,  they  arefl 
none  the  less  interesting  suggestions,  and  have  prepared  the  way  for 
those  who  are  now  earnestly  seeking  to  discredit  his  experiments  and 
dbprove  his  statements.  ^H 

The  above  conclusions  of  Du  Bois-Re)'mond  were  derived  from  ex-^^ 
perimenis  on  the  nerves  of  frogs,  but  electricity  is  not  confined  to  the  ,. 
lower  fonns  of  life,  cither  dead  or  dying.  ^M 

Electricity    in  the  Living  Man, — In  the  living  man  it  is  believed^' 
that  cutaneous  currents  arc  found.     The  hand  is  negative  to  the  elbow, 
and  the  palm  of  the  hand  is  negative  to  the  back.     The  foot  is  negative 
to  the  chest,  and  the  sole  of  the  foot  is  negative  to  the  back.    The  elbow  ^ 
is  slightly  positive  to  the  chest,  and  the  hand  is  sometimes  negative  tO'^| 
the  foot,  and  sometimes  the  reverse. 

These  cutaneous  currents  are  quite  strong  and  uniform.  They  are 
to  be  distinguished  from  the  thermo-electric  currents  tliat  are  observed 
when  two  sjinmetrical  parts  are  heated.  h 

A  finger  at  the  temperature  of  32"  is  positive  to  one  at  90'*»  and  a  ^| 
finger  at  60*'  is  feebly  positive  to  one  at  So*",  and  strongly  positive  to 
one  at  180".    The  cutaneous  currents  arc  also  to  be  distinguished  from 
currents  that  arise  from  dissimilar  imroeraon,  dissimilar  sweating  and 
shielding  of  the  body. 

Currents  of  electricity  have  been  found  in  the  urethra  and  bladder 
of  the  rabbit,  the  intestines,  the  spleen,  the  testicles,  the  tendons,  and 
the  ovi{luct  of  the  frog,  ami  the  iris  of  birds. 

All  these  currents  resemble  the  ordinarj'  muscular  cutreots,  in  that 
the  outer  and  inner  surfaces  have  opposite  electricities. 
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The  currents  of  the  nerves  and  muscles  are  very  much  stronger  t  oan 
thofc  of  other  tissues.* 

Dr.  C  R  Radclifie  takes  a  radically  dtfTcrent  view-  of  animal  clcc 
ttidty.     His  conclusions,  briefly  sunmiarized,  arc  as  follows: 

I.  The  sheaths  of  the  fibres  of  nerve  and  muscle  daring  rest  arc 

charged  with  electricity  like   Lcydcn  jars.     He  believes  it  probable, 

K*Stotigh  not  entirely  demonstrable,  that  the  sheaths  of  the  Abrcs  cor.- 

duct  elecincity  so  feebly  that  they  are  practically  non.conductor$  and 

vt  di-clcctric 

This  charge  is  brought  about  by  the  developmentof  electricity,  either 
positive  or  negative,  through  oxidation,  or  some  form  of  chemical  action, 
on  the  outside  of  the  shcatlis  of  llie  fibres,  which  elcctncity  induces 
through  the  di-electric  sheath,  an  opjiusite  electricity  from  the  inside  of 
the  sheaths,  after  the  manner  of  the  Leyden  jar.  Electricity  which  exists 
in  the  nerves  and  muscles  during  rest  is  in  a  statical  condition,  and  not 
to  d>'nan]ic  or  current  state. 

The  nenx-atrrcnl  and  muscle  current  are  purely  incidental  phenom- 
ena, resulting  from  applying  the  electrodes  to  points  of  unequal  elec- 
tric tension. 

3.  That  the  passage  of  a  nerve  or  muscle  from  a  state  of  rest  to  a  state 
of  action  is  accompanied  by  a  discharge  similar  to  that  of  a  torpedo. 
The  arguments  in  favor  of  this  view  arc,  that  the  anatomical  and  physio- 
logical apparatus  of  llie  tori>cdo  closely  resembles  the  muscular  appara- 
tus of  all  animals;  that  tile  nerve-current  nearly  disappears  from  the 
acrve,  and  the  muscle-current  from  the  muscle,  when  nerve  and  muscle 
;iass  from  rest  into  action  ;  and,  finally,  that  the  phenomena  of  induced 
or  secondary  contraction  cannot  otherwise  be  explained. 

This  discharge  takes  place  between  tlie  slicaths  of  the  6brcs,  which  are 
very  elastic,  and  are  capable  of  being  elongated  during  rest  by  the  mu* 
tual  attraction  of  the  opposite  electricities  with  wliich  ihey  are  cliarged. 

3.  That  when  a  nerve  or  muscle  iiasscs  from  action  to  rest  it  resunicj 
its  condidon  of  charge.  Elongation,  therefore,  is  the  result  of  charge, 
And  contraction  of  discharge. 

This  point  is  illustrated  by  tlte  following  experiment; 

A  nanow  band  of  rubber  is  wound  on  both  surfaces  very  near  die  edge 
with  gold-leaf,  so  that  it  can  be  charged  or  discharged  with  clcctrici[y 
like  a  Iu^yden  jar.  By  a  simple  arrangement  of  a  grooved  wheel  and  an 
apparatus  Uiat  nmlttplies  and  records  the  movements,  it  can  be  shown 
that  when  the  band  is  ctiarged  by  a  few  turns  of  a  frictional  machinCt  il 
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elurigjtcs,  and  nrlien  thr  charge  is  discharged  il  contract.  It  is  believed 
that  the  muscle  behaves  in  precisely  this  minner.  U  nerves  are  not 
alTected  in  the  same  way,  it  is  because  their  fibres  are  not  sufficiently 
clastic 

4.  Tliat  the  blood  keejis  up  the  natural  charge  of  electricity  in  nerv^ 
and  muscle. 

'I'hc  Dccc[itance  of  this  view  exiilaina  many  interesting  facts  in 
patliology.  It  explains  the  fact  that  diseases  that  arc  accotnpaiiic-d  by 
a  deficiency  in  Ihc  ncive-curicnts,  as  neuralgia,  spinal  irritation,  bysteiia, 
leuinus,  epilepsy,  usually  manifest  themselves  by  morlwd  activity,  by 
increased  and  unnntural  muvemcnis  of  muscles  and  nerves. 

Active  intiaramalions,  when  there  is  increase  of  blood,  are  not  usually 
accompanied  by  excessive  muscular  or  nervous  action. 

Apparatus  for  Studying  Animal EUctrUity.— In.  a  practical  work  of 
this  kind  it  is  not  necessary  nor  proper  to  enter  into  elaborate  detail 
of  all  the  experimental  jircmiscs  by  which  Malteucci,  Du  Boia-Re]^ 
mond,  PllUgcr,  and  others  have  made  iKeir  discoveries,  A  very  brief 
description  of  llic  ap^iaratus  of  Du  Bois-Rcymond  may  possibly  be  of 
interest. 

He  employed  a  very  delicate  galvanometer,  the  distinctive  fea* 
tares  of  which  were,  _firsty  the  astatic  needles  were  constructed  and 
arranged  wit!i  great  care  ;  and,  secondly,  the  wire  around  them  was  very 
long,  and  of  from  4,000  to  24,000  convolutions.  A  multiplier  of  tliis 
sort  will  indicate  the  presence  of  exceedingly  feeble  currents.  The 
wires  of  the  multiplier  are  connected  with  carefully  cleaned  and  pre- 
])ared  Hat  new  plates  dipped  in  ve»&els  of  '.inc,  containing  sulphate  of 
/inc  to  prevent  polariiation.  Two  cushions,  as  they  are  called, 
made  of  layers  of  blotting-paper  soak^  in  a  solution  of  sulphate  of 
line,  are  laid  in  the  edge  of  each  vessel,  with  iheir  ends  in  the  liquid. 
The  whole  is  enclosed  in  a  moist  chamber.  In  order  to  protect  any 
tissue,  Lt  is  placed  in  connection  with  the  two  cushions  in  various  posi- 
tions ;  then,  if  there  be  any  current,  the  deflection  is  teen  in  the  uecille 
of  the  multiplier. 

When  two  symmetrical  parts  of  the  longitudinal  or  transverse  section 
of  a  nerve  arc  applied  to  the  cushions,  no  deflection  is  seen  ;  when  two 
dissymmetrical  porta  of  the  loiigituiliual  strciiui)  are  placed  on  the 
cushions,  the  needle  deflects  6*  oi  7".  When  the  longitudinal  scctioc 
of  the  nerve  on  one  side  touches  one  cushion,  and  the  transverse  sec* 
tion  loudies  the  otlier  side,  the  needle  deflects  15*  to  30'. 

Instead  of  the  galvanometer  multiplier  we  may  use  die  riieoecopic 
frog,  which  may  give  some  results  ;  but  it  has  tlie  dii^dvantagc  Ibit  il 
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loses  its  irritability,  and  that  it  contracts  only  when  the  nimnt  Is 
clo5^  or  broken. 

Exp<rim«iits  0/  Trrnvbrtdge. — ^Ve  have  given  a  full  and  va-ied  pre- 
sentation of  the  leading  conclusions  of  IJii  Uois-Reyniond  and  others, 
and  have  described,  in  a  very  general  way,  the  best  method  of  perioral- 
ing  the  ex]K:riments  on  which  hts  conclusions  arc  based. 

We  have  [lone*  this  in  justice  to  a  name  that  is  greatly  honored  in 
science,  in  justice  to  the  name  that  has  made  an  era  in  |>Kysioiogy,  and 
to  pic(>are  the  situdent  for  an  intelligent  understanding  of  ihc  cxjiert- 
ments  that  seem  to  overthrow  these  views  of  Ou  lJois-Re)iiiond  that 
have  been  so  widely  accei^Led. 

It  has  always  appeared  to  us  tliat  in  the  experiinenis  of  all  electro- 
pb>'siologist5,  the  later  as  well  as  the  earlier  school,  (here  were  chances 
fur  great  error,  and  liave  been  surprised  that  their  conclusions  have 
been  accepted  with  so  little  reservation. 

Bearing  in  mind  that  all  chemical  action,  however  slight,  is  probably 
acconi  I  willed  by  the  generation  of  electricity,  it  is  surely  not  irrational 
10  suspect  that  Uie  conclusions  from  careful  experiments  of  Du  Dois- 
Reymond  and  ocliers  might  be  iu  some,  if  not  in  all  cases,  luudificd  by 
{/umical  action  between  the  animal  tis:>ues  and  the  cu:^hion3  of  the  gol- 

lometer,  however  skilfully  these  were  protected. 

Among  the  physicists  at  least,  the  theories  of  Du  Bois-Reyinond  have 
been,  on  the  whole,  losing  ground  during  the  past  ten  years,  and  pro- 
bably on  account  of  the  considerations  that  are  above  prc£entc:ij. 

Prof.  John  Trowbridge,  of  Harvard  College,  has  recently  made  a 
scries  of  researches  that  seem  to  cast  grave  doubts  on  the  interestinij 
and  hitherto  accepted  conclusions  of  Du  Bois-Reymond  in  regard  to 
inirual  electricity. 

This  physicist,  starling  out  on  the  face  of  the  accepted  fact  tjial 
/WW  ii^uids  4/  dissimilar  chemical  charactct ,  separated  by  a  f&rcus 
partition^  give  rise  to  a  current  of  eUitricityt\\'3S  made  experiments 
with  an  apjuratus  similar  to  that  employed  by  Du  Bois-Reymond  in 
bis  researches  on  animal  electricity.  Instead,  liowever,  of  placing  a 
piece  of  muscle  or  nerve  on  the  cushions,  he  used  a  series  of  artijicial 
musclct.  These  artificial  muscles  were  made  of  glass-lubes  covered  bj( 
porous  partitions,  and  tilled  witli  the  different  liipiids,  such  as — 
Undislilled  water. 

Weak  solution  of  salt  in  distilled  water. 
Solution  of  dilterent  saCts  of  iron, 
Blood. 
Acidulated  water. 
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Placing  Che  artificial  muscle  llitis  prepared  in  the  position  whctc  the 
natural  muscle  is  placed  in  Du  Bois  Reymond's  experiments,  lie  found 
Uiat  each  liquid  caused  a  defleit'ion  of  the  netdU  of  the  galvanometer. 

There  is  no  question,  in  the  opinion  of  Prof.  Trowbridge,  that  the 
currents  tlut  caused  tlicsc  dctlcctiuns  of  the  needle  arose  frotii  liie 
attiom  of  the  fluids  in  the  tubes  on  the  saline  solution  of  the  cushion  and 
the  protecting  guard.  Tliis  view  is  confirtned  by  the  fact  that  when 
(he  artificial  muscles  were,  filled  with  diilUled  water,  there  was  no  dc- 
llcction  of  the  needle  observed  ;  but  when  undisiilled  water  or  the 
other  fluids  mcncioned  were  used,  the  needle  of  the  galvanometer  de- 
flected so  far  as  in  some  cases  to  throw  the  spot  of  liglit  off  the  scale.* 
Prof.  Trowbridge  exercised  the  same  precautions  as  are  found  necessary 
by  eleciro-ph biologists  in  obtaining  the  so-called  ruuscular  currents. 
He  argues  that  the  behavior  of  the  artificial  muscle  must  be  similar  to 
that  of  a  natural  muscle  placed  on  tlie  cushions  ;  and  he  states  further, 
that  when  we  use  the  nalural  muscle,  containing  fresh  and  chemically 
active  blood,  separated  by  its  sheath  from  the  clay  guards  of  the  cushions, 
an  eUetrieal  action  must  take  place  behoeen  the  fluids  ef  the  muscle  and 
tht  saline  solutions  in  the  connecting  apparatus,  which  action  cannot 
well  be  distinguished  from  the  so-called  muscular  current.\ 

In  order  to  avoid  every  possible  source  of  error  in  diese  experi- 
ments, Prof.  Trowbridge  not  only  tried  distilled  water  in  the  anifidal 
muscles,  instead  of  undistiiled  water  and  llic  different  solutions,  but  also 
tried  the  mere  contact  of  the  bladder  membrane -partition  without  any 
fiuid,  and  in  neither  case  was  any  current  produced.  He  employed  a 
vessel  slupcd  like  the  letter  U,  opened  at  the  bend,  and  covered  at  the 
eiuts  by  a  membrane.  Into  the  two  limbs  of  the  tube  lie  injected 
fluids  of  different  kinds.  When  iIic  vessel  was  filled  with  a  fluid  that 
w-as  homogeneous,  and  the  ends  of  Utc  tube  brought  in  contact  with 
the  cushions,  tlie  needle  of  the  galvanometer  was  deflected.  When  the 
points  of  contact  were  reversed,  the  direction  of  the  needle  was  re- 
versed. That  mere  contact  of  the  tube  with  the  cushions  did  not  cause 
(he  deflection  of  the  needle,  was  shown  by  tlic  fact  that  Ithen  no  fl'iids 
were  in  the  tube  there  was  no  dedection.  That  the  direction  of  the 
cuiTcnt  was  through  the  U-shaped  tube,  and  not  from  its  extremities  to 
the  galvanometer  and  back,  was  proved  by  the  fact  that  when  the 
section  of  one  of  die  limbs  of  the  U-shaped  tube  was  constricted,  the 

*  Thomson's  leAccling  ealrana  meter  and  aew  c]uailruiL-el£ctroineter  were  used  in 
thne  expcrinwnts. 

f  On  ttic  Eloctro-raotin  Action  at  Liquili  separated  by  Mcinbranes.  Amtrka^ 
yomrnal  tf  Sfienee  and  Arh,  voL  iii,.  May,  iSja. 
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defi«ction  of  the  needle  was  reduced,  and  when  the  constnction  n-as 
complete  there  was  no  deflection. 

The  conclusion  to  which  Prof.  Trowbridge  arrives  from  ihese  ex- 
periments, w}iich  have  Iwcn  repcatcj  aL  various  limes,  is,  "  f/ia/  when  the 
auhioftj  cf  ike  galvanometer  are  eonneeted  by  a  membranous  sme  con- 
td'tninf;  fluids,  or  animal  tissue  saturated  with  fluid,  an  endcsmctie  action 
fakes  plaee,  accompanied  by  galvanic  action  ;  and  that  this  gairanie 
aetiff/j  is  determined  by  the  difference  &f  endosmolic  action  ai  various 
points  of  the  enclosing  membrane."  • 

When,  therefore,  a  muscle  is  placed  on  the  cushions  of  the  galvanom- 
eter, its  transverse  section  on  one  pad  and  its  longitudinal  section 
on  the  other,  cndosmose  takes  place,  which  is  different  at  different 
points,  and  the  galvanic  current  that  appears  is  probably  caused  by 
this  difference  of  endosnioiic  action  and  not  by  (he  so-called  musciilai 
current.  Then  granting  that  a  muscular  current  exists,  it  must  suffer 
important  modifications  in  strength  and  direction  through  this  endoS' 
motic  action.  //  the  muscular  current  does  not  exists  this  endosm^e 
action^  with  the  accompanying  galvanic  action,  will  at  count  for  the  de- 
fieetion  of  the  needle  of  the  galvanometer  that  had  been  supposed  to  be 
due  to  the  muscular  current. 

In  a  letter  received  by  Dr.  Rcard  from  Prof.  Trowbridge,  under  date 
March  28,  1 873,  nearly  one  year  later  than  the  date  of  the  publication  of 
the  researches  of  which  the  above  is  an  abstract,  he  says  diat  "later 
experiments  have  convinced  me  that  there  are  no  such  currents  as  mus- 
cular currents,  properly  so  calted.  I  think  that  the  phenomena  noticed 
by  Du  Bois-Rcymond  arise  from  differences  in  the  chemical  naliue  of 
different  portions  of  the  muscle.  Du  Bois-Rcymond  contends  that 
lach  cliemical  difference  does  not  exist,  and  that  the  tissue  is  homo- 
geneous from  a  chemical  point  of  view.  It  must  be  reniemberert, 
however,  that  a  delicate  galvanometer  can  detect  differences  in  chemi- 
cal composition  which  cannot  be  detected  except  by  the  most  rctincd 
analysis.  I  should  therefore  make  my  assertions  stronger  than  I  have 
done,  in  the  accompanying  papers,  in  view  of  subsequent  cxptriment." 

Prof.  Trowbridge  has  also  made  experiments  that  seem  to  cast  grave 
dnobts  on  the  conclusions  of  Du  Bois-Reyinond  in  regard  to  electrical 
currents  in  the  arms.  Du  Bois-Reymnnd  in  his  experiment  connects 
the  terminals  of  a  galvanometer  in  separate  vessels  by  a  siphon-tube 
containing  the  same  liquid  as  the  vessel.  The  ends  of  the  tube  are 
coTcred  with  a  porous  preparation. 

*'  PrDceedinKB  of  the  American  Academy  of  Arts  uid  Sciences,  January  9,  1S7X 
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Placing  a  forefinger  in  each  vessel  and  violently  contrarting  the 
aim,  he  observed  that  the  needle  of  tlie  galvanometer  was  deflected ;  on 
contracting  the  ot Iter  arm,  the  needle  deflcctctl  in  the  0[)ix}site  direc- 
tion. I>ii  BoisRcyDiond  explained  this  phenomena  by  the  theory 
that  electrical  currents  circulate  in  the  asm  distinct  from  and  CO  exist- 
ing with  the  niiisciilar  and  nerve-currents.  It  is  not  difhcult  to  con- 
ceive that  in  an  experiment  of  this  kind  there  would  be  chances  fox 
MTOr  sufHcient  to  make  us  very  cautious  in  accepting  any  immediale 
cocctusions  in  regard  to  it.  In  order  to  test  the  validity  of  this  con- 
clusion. Prof.  Trowbridge  prepared  a  vessel  with  two  limbs,  which  he 
substituted  for  the  human  finger.  Du  Hois-ReymomVs  experiment- 
vessel  was  filled  with  a  solution  of  salt,  and  the  end  of  the  limbs  was 
covered  with  prepared  membrane.  Hie  resistance  of  the  citcuit 
through  both  limbs  and  the  vessel  was  about  tlut  of  tlie  human  body 
from  the  forefinger  of  one  h.ind  to  the  forefinger  of  the  other — that  is 
about  seven  or  eight  times  the  resistance  of  tlie  Atlantic  cable.  The 
ends  of  the  limbs  or  tubes  were  immersed  in  the  Huid  of  the  vessel  con- 
nected with  the  galvanometer.  As  soon  as  they  touched  die  liquidj 
the  needle  of  the  gnlvanometcr  was  deflected,  and  on  reversing  the 
limbs  the  needle  was  deflected  in  the  op[iosite  direction. 

When  the  flexible  i>ortion  of  one  of  the  llmba  was  pinched  so  as  to 
diminish  the  diameter,  the  deflection  was  also  diminished.  When  a 
trifling  change  was  mM\c  \n  th^  chemical  char/icUr  of  fh£  fiuidt  in  the 
two  limbi,  and  one  of  the  Itmbs  was  slightly  conlracte/i,  the  direction  cf 
the  neeiile  iras  reversed. 

Prof  Trowbridge  is  disposed  to  believe  that  the  deflection  of  the 
needle  caused  by  the  contraction  of  the  muscles  of  the  anw,  *'is  t»ro- 
duced  either  by  the  temperature  or  by  the  cliange  in  the  flow  of  the 
blood."  It  ha.s  been  established,  that  the  electro-motive  force  Ix-lwccn 
venous  and  arterial  blood  is  about  one-thirtieth  that  of  a  Daniell's 
Cell ;  and  as  muscular  contractions  change  the  chemical  character  of 
the  Wood,  and  as  by  very  slight  chemical  difference  between  two  fluids 
separated  by  a  membrane,  like  the  skin,  is  sufficient  to  crealc  a  gal 
vanic  current,  it  is  not  improbable  that  the  conclusion  of  Du  Uois- 
Reymond  in  regard  to  the  existence  of  a  separate  elcclncal  curreni 
bi  the  aim  Is  en^meoiift. 
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BtXCTKOTOKOS,    ANELBCTHOTONOS,    AND    CATEUCTROTOKOS. 


RUfiretonos  is  the  peculiar  modiftation  of  irritabilUj  that  mntt 
and  muscUs  undergo  when  acted  upon  by  a  galz-anic  current, 

While  the  nerve  U  in  the  clcctrotonic  state,  that  part  of  it  not  m* 
eluded  between  the  poles  wilt  deflect  ihe  needle  of  a  delicate  galvano- 
meter ;  and  that  the  detleciion  then  caused  is  not  due  to  the  natural 
nerve-cttrrent,  is  proved  by  the  fact  chat  it  appears  when  only  the  sur- 
face of  the  nerve  is  connected  with  the  galvanometer.  It  is  therefore 
the  electric  condition  of  the  nerve  caused  by  the  passage  of  the  current 
through  it  that  deflects  the  needle.  The  electtotonic  condition  not  only 
remains  so  long  as  the  galvanic  current  continues  to  pass,  but,  if  the 
current  l>e  sufficiently  powerful,  it  remains  for  a  limited  lime  after  the 
current  ceases  to  |iass. 

The  electrotonos  is  more  noticed  tlic  larger  the  extent  ot  nerve 
acted  upon,  provided  the  current  be  suflicienlty  increased  to  overcome 
the  increased  resistance. 

In  nerves  that  are  dead,  or  have  tost  their  irritability,  electrotonos 
cannot  be  excited  at  all,  or  only  feebly,  and  the  same  is  true  when  the 
Dcrve  is  cut  across  or  lightly  bound  with  a  ligature. 

The  change  in  the  netvc-currcnt  depends  on  the  direction  of  the 
galvanic  current.  When  the  galvanic  current  Qows  tn  the  same  direc- 
tion with  the  nerve-current,  the  strength  of  Ihe  nerve-current  is  in* 
crea^d  ;  when  the  galvanic  current  'Aowt  in  a  contrary  direction,  the 
strength  of  the  nerve-current  is  <liii)ini:ihed. 

Electrotonos  is  greater  when  the  galvanic  current  flows  lengthwise 
than  when  it  flom  across  the  nerve.  It  increases,  within  certain  limits, 
widi  the  increase  in  Uie  intensity  of  the  cunent. 

MoUatiar  Theory  of  AneUctrotonos. — Du  Boia-Rcyniont)  has  sug- 
gested a  theory  to  account  for  the  phenomena  of  electrotonos,  whicli 
tus  bcm  generally  accepted.  It  is  analogous  to  the  theory  of  mag- 
netism suggested  by  Coulomb.  He  supposes  that  muscles  and  nerves 
consist  of  electric  molecules  which  have  one  positive  eiiuatorial  xonc 
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md  ttro  negative  polar  zones,  whose  axes  arc  parallel  to  eaclx  other; 
that  is,  two  molecules  make  one  molecule.  Tin's  is  called  \\\t  peri-^iar 
nrrangement.  In  a  magnet,  eacli  individual  molecule  manifests  the 
saoie  phenomena  as  the  entire  magnet :  each  molecule  i&  indeed  a 
magnet  in  miniature.  In  like  manner,  cacli  molecule  of  the  nerve  oi 
muscle  manifests  the  same  phenomena  as  the  er tire  ner\'e  or  muscle. 
These  peri  polar  molecules  ate  enclosed  by  a  moist  covering. 

Du  Bois-RcjToond  further  supposes  that  each  peri-polar  molecule 
may  be  divided  into  a  group  of  dipolar  molecules — where  the  poiiiiive 


b. 


Fto.  )>. 
Peri-polar  Arrangement  of  Elect  ro-motor  Mi>lecale& 

LS — Longiliiclinal  Secricm.  T  S — Transvers*  Section. 

P — Ptu  elect  ion  omic  Layer. 

hemispheres  are  tiime<!  tow.ird  each  other^withont  changing  thcii 
electrical  properties.  This  is  called  the  di polar  arrangement.  If  a 
number  sf  such  mulectiles  are  brouj^hl  under  the  intlucnce  of  a  galvanic 
current,  ihcir  positi%-e  zones  will  turn  toward  the  ncjaiivc  pole,  and  Uie 
negative  toward  the  positive;  one  of  the  molecules  (3)  turning  iSo* 
on  its  axis.  The  arrangement  will  be  as  above.  From  its  resemblance 
to  the  voltaic  pile  it  is  called  the  pile  like  arrangcmenL 

This  pile-like  arrangement  of  the  molecules  not  only  takes  place 
between  the  electrodes,  but  also  beyond  them  into  the  extra-polar 
region. 

Du  Bois-Reymond  has  illustrated  these  phenomena  on  molecules 
made  of  zinc  and  copper. 

From  these  experiments  Dn  Bois-Reymond  conchuled,  first,  that  the 
nerve  is  always  in  the  condition  of  a  closed  circuit,  since  electric  cur- 
rents arc  produced  by  the  connection  of  layers  surrounding  the  mole- 
cules with  their  molecules ;  and  secondly,  that  the  current  obtained 
from  an  animal,  as  indicated  by  the  galwiitometer,  is  only  a  small  |)or 
rion  of  the  entire  current  ^ 
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The  galvuitc  current  that  produces  the  clectrotonic  condition  U  called 
Mlc polaris'mg  current  The  portion  between  the  poles  is  called  intny 
folar :  beyond  and  outside  of  the  poles,  extra-polar.  Eiectrotonos  ia 
asceading  when  it  proceeds  from  the  nmscle  to  the  nerve ;  desceadta^ 
when  it  proceeds  from  tiie  nerve  to  the  muscle. 

AntUiirotunos  and  CatcUctrotonos. — Anelectrotonos  is  a  condition  of 
dim'mi:hed  irritabiiity  which  tak£s  place  at  the  positive  electrode.  Cate- 
lectrotenos  is  a  condition  of  increased  irritability  which  takes  place  ai  tin 

L  S 


n^m 


<^C^i 


T  S — Traiuvcne  S«ctioa, 


I.  S— Lon^twlmal  ScctioBU 

I.   Peri-polv  iirrangciaent  of  electro- toot  or  mateculca. 
S.  Pi-potar  anaai^mcat  of  electro-motor  molcculec 

3.   Pile-like  wraogetnent  of  elcctro-notor  molecule^  caused  \ij  the  aclion  of 
the  galvAiiic  current. 

negative  eiectrode.  At  some  point  between  the  electrodes  the  irritability 
of  the  nerve  is  iinclianged.  The  conditions  of  anctcctrotonos  and 
caiclcctrotonos  arc  found  not  only  between  tlic  poles,  but  also  in  the 
otlier  portions  of  the  nerve,  in  the  extra-polar  portion. 

The  portion  between  the  poles  ami  near  the  negative  pole,  togcthci 
with  the  portion  beyond  the  negative  pole,  is  in  a  sate  of  catelectro- 
tonos  with  increased  irritability.  Tbe  portion  between  the  poles  and 
near  the  positive  pole,  together  with  the  portion  beyond  the  positive 
polct  is  in  a  stale  of  anelectrotonos,  with  diminished  irritability. 

The  extra-polar  catclectrototios  depends  on  the  length  of  tlie  nerve  b» 
tween  the  |>oIes,  and  the  strength  of  the  current,  up  to  a  certain  litniL 
The  stren^  of  the  exua  polar  anelectrotonos  is  proportioned  to  its 
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distance  from  the  poles,  being  greatest    near  the  intra-poUr  porfii 

The  extra-polar  catclectrotonos,  both  ascending  and  descending,  is  in 
a  stale  of  increased  irriubiliiy.  The  extra-polar  anclcctrolonos,  both 
ascending  and  descending,  is  in  a  slate  of  diin'oishefl  irritahitity. 

Neutral  Point. — Between  the  poles  there  is  a  point  where  the  irrita- 
bility is  not  cliaiigcd  \  there  anclectrotoiios  meets  catelectrotonos.  This 
is  called  the  neutral  point.  The  relative  position  of  tliis  depends  on 
llie  strength  of  the  polarizing  current.  Where  the  strength  of  the  cur* 
U'nt  is  medium,  the  nemral  point  is  about  midway  between  the  poles. 
Where  tlie  current  is  weak,  the  neutral  point  is  nearer  the  positive 
pale.     Where  it  is  strong,  it  is  near  the  negative  pule. 

Ntg^i^^  y^riaiioti. — When  a  current  frequently  intcmiplcd  is 
applied  to  an  irritable  nerve,  it  causes  the  nerve-current  to  diminish  in 
ttrength,  and  finally  utterly  destroys  it.  Thb  fact  is  demonstrated  by 
the  galvanuinetcr. 

The  same  phenomena  is  caused  to  a  less  degree  by  chemical  or 
mechanical  stinuilation  of  nerve.  Negative  vanaiion  has  been  explained 
by  the  theory  that  the  peri-pular  molecules  in  the  nerve  diange  their 
arrangement,  so  that  their  electro-motor  power  is  diminished.  The  neg- 
ative variation  of  llie  current  has  been  sliidicfl  by  Itemstcin.  He  re- 
yards  all  the  electric  phenomena  of  the  nerve  as  undulatory  movements, 
aad  has  mathematically  estimated  the  length  of  the  waves  in  nerve  and 
ntuscle.  Cyon,  in  confirmation,  has  shown  that  the  degree  of  the 
\*ariation  is  directly  proportioned  to  the  number  of  interruptions  in  the 
exciting  current. 

Effects  of  Etedrotonos  in  Dimimshed  Conductivity. — The  power  of  a 
nerve  to  conduct  irrilabiUiy  is  more  or  less  modified  by  the  condUion  oj 
tiectrotonos.  The  portion  of  the  nerve  near  the  positive  pole,  which  is 
in  a  condition  of  anelectrotouos,  has  its  conductibility  diminished  ;  the 
])Ortion  of  the  nerve  near  tlie  negative  pole,  which  is  in  a  condition  of 
catclectrotonos,  has  its  conductibility  Increased.  If  the  current  be  suf- 
ficiently strong,  the  power  of  ilic  nerve  to  conduct  impressions  may  be 
nearly  or  entirely  destroyed. 

Effects  of  EUctrotOHOS  after  the  breaking  of  the  Galvanic  [pdariting) 
Current. — One  of  the  effects  of  the  eleclrotonos  is  llie  irritation  which  la 
caused  by  the  parsing  away  of  the  anetccirotonos.  This  irritation, 
wtiich  appears  at  ilie  positive  pole,  is  shown  either  by  a  coniMCtion  or 
by  a  tetanic  condition. 

Pcnitix-e  Modification  and  Negative  Modification. — The  nerve  which  is 
in  a  condition  of  catclectrotonos  at  the  negative  pole  is  greatly 
roodliied  by  the  breaking  of  the  polarizing  current.     Its  itritabitity  if 


4 

I 


k 


ANELECTROTONOS  AND  CATELECTROTONOS. 


103 


thereby  diminished.  This  diinintition  of  imtaliility  is  called  the  "fuga- 
Hve  moilifiaUion."  At  the  jmsitive  pole  in  tht;  catclectrotonic  region,  an 
increase  of  irritadiiliiy,  oz  posiltTe  ttwiiificalmi,  appears  on  breaking  the 
current.  This  incrL*ase  and  diinirmilon  of  irrilabiliiy  continue  for  some 
time  after  the  polarising  current  is  broken. 

Effect  of  a  Chan-^e  in  the  Direction  0/ the  Current. — Another  effect  of 
elcctrotonos  is  the  di-ingc  of  irritability  which  is  caused  by  a  change  in 
the  direction  of  the  current.  If  a  nerve  is  subjected  for  some  time  to 
lite  influence  of  a  galvanic  cuiTcnt  in  a  certain  direction,  ii  loses  some 
of  its  irritability,  which  i^  regains  when  the  current  is  reversed. 

Restoration  of  frrttahiUiy.~k  very  important  effect  of  elcctrotonos 

,ii  a  restoration  of  irritability  in  a  nerve.     It  has  been  proved,  both  by 

srience  and  by  cxperiiiients,  tliat  nerves,  which  from  any  cause  have 

lost  their  irritability  to  the  faradic  current,  sometimes  reg.»in  it  after  an 

ai>l>lica.tion  of  the  galvanic,     ll  has  been  shown  by  the  ex)>erience  of 

Kvera)  writers  on  elect ro-thcrapeutlcs,  and  of  ourselves,  that,  in  cases 

^of  paralysis,  when  the  faradic  current  at  first  fails  to  produce  contrac- 

inst  the  apiiiicatioii  of  the  gjlvanic  may  not  only  readily  produce  con* 
tractions,  but  may  also  produce  such  a  chnn^e  in  the  irritability  of  the 
paralyted parts  as  to  cause  them  to  regain  their  lost  irritability  to  tht 
faradie  current.     (Sec  Elcctro-Thcnipcutics.) 

Electrototios  of  Muscle, — A  mttsele^  like  a  nerve,  may  be  put  in  the 

condition  of  clcclrotonos ;  the  clianges  of  irritabihty  that  accompany 

this  condition  are  con6ned  to  the  poition  of  muscle  through  which 

Ihe  ciirrent  flows.  Tlic  subsequent  effects,  after  ihe  polarizing  current  is 

token,  are  also  limited  to  the  i>ortion  through  which  the  current  passes. 

It  is  logically  probable,  also,  (liat  not  only  the  motor- nerves,  but  aJsu 
JI  parts  of  the  nervous  system— central  and  peripheral — arc  capable  of 

libiting  the  phenomena  of  modified  irritability  under  the  galvanic 
corrent. 

TJicory  of  Anelectrotams  and  CateUctrotones. — Thai  the  galvanic 
currenl  in  its  passage  through  the  nerve  diminishes  the  iirilability  of  that 
n?rve  in  the  region  of  the  positive  pole,  and  increases  its  irritability  in 
tlie  irgion  of  the  negative  pole,  may  be  explained  by  the  purely  physical 
effects  of  the  currents  in  the  tissue. 

We  have  seen  that  In   elecirolyfiis  adds  go   to  the   positive   and 

Ikalics  to  the  negative  pole  ;    now  it  is  a  fact  of  ]ihysiu!(igy  that  acids 

diminish  the  irritability  of  nerves,  while  alkalies  increase  it.     Anclcc- 

iroionos  and  cttelecirotunos  may  therefore  be  caused  by  acids  al  the 

positive  and  alkalies  at  the  negative  pole. 

This  explanation   is  rendered   probable  by  two  facts :  first,  Uiai 
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aoetcctrotonos  and  catelectrotonos  are  not  produced  by  the  secondaij 
faraUic  cutrcnt,  which  has  no  marked  chemical  action ;  and  secondly^ 
that  very  feeble  aod  iiislanuncous  passages  of  the  galvanic  current  pro- 
duce electrolytic  eCTecis. 

Pfiugn^s  Contraction- Law. — The  law  of  contraction,  as  derived  by 
PflUgcr  firom  experiments  on  tlie  frog,  is  thus  formulated :  Tht  nerve  u 
excited  by  t/tt  appearatue  of  cattlecttotoms,  and,  the  disappearance  of 
aneieclrotonoi^  but  net  by  the  appearance  of  anelectrot^nos  vr  the  (fis- 
appearand  of  catelectrotonos.  This  law  is  cousidercd  of  great  scieutitic 
as  well  as  practical  value. 

Eleetrotonoi  in  the  Living  Man. — The  subject  of  electrotonos  in  the 
living  man  luu  been  titutlicd  by  Kulcnburg,  Saint,  Vuu  Hozuld,  Brenner, 
Erb,  BrQcIcner,  Rungc,  and  Filchnc,  but  most  successfully  by  Cyon. 

Cyon,*  by  a  series  of  elaborate  and  careful  cxperiincnts  has  shown 
that  the  contraction-law  of  I'liiiger,  as  cstablislicd  on  the  frog  prepara- 
tion, a]>plics  aUo  to  tbe  living  human  subject. 

He  has  sliown  that,  aflcr  closing  tlie  circuit,  the  irritability  is  in- 
creased near  the  negative  pole ;  that  this  condition  of  catcIcclrotoDOs 
increases  as  the  current  runs  up  to  a  ccriain  point ;  that  on  breaking 
the  current  tlie  negative  modification,  or  condition  of  diniinisUed  irrita- 
bility, appears  for  a  moment,  and  then  disappears. 

Near  the  positive  pole,  on  the  other  hand,  the  irritability  is  diminished 
at  and  after  closing  the  current.  Un  breaking  tlie  current  tJiere  is 
an  increase  of  initability,  or /«ji/i'r« //W(/f/'a/i^«,  which  appears  to  be 
greater  when  the  current  has  been  allowed  to  run  a  long  time. 

The  experiments  from  which  Cyon  derived  these  conclusions  were 
Hiade  on  the  ulnar  ncn'c,  and  witlj  great  care  to  avoid  error.  It  will 
be  seen  tliat  the  results  correspond  with  the  results  of  PHiiger'a  experi- 
ments on  the  ftog,  and  confu-m  them-  Cyon  found,  however,  that  these 
results  were  not  uniform  in  all  persons,  but  were  modi&ed  more  or  less 
by  temperament  and  disease. 

Practical  Bearings  of  the  Laws  of  EU(trotonos.-~'\V\\\\t  the  laws  of 
eleclrotonoi  do  not  account  for  all  the  therapeutical  action  of  the  gal- 
vanic current,  they  are,  nevertheless,  of  great  vaUic,  and  help  to  ex- 
plain the  practical  dilTerences  observed  in  the  action  of  the  two  poles. 
In  a  carefully  pre[>ared  article,  however,  by  Oe  Watteville,|  the  con- 
clusion is  reached  *'lhat  a  therapeutical  system,  built  on  the  opposite 
anetectro tonic  and  kalelectrotomc  effects,  rests  upon  an  imaginary 
basis.  .  .  .  Hoth  arc  •ilimulants,  if -slinudation'  there  be,  the  kathode 
more  than  the  anode." 


•  Prhuipet  it Elettrotk'^rapit.     Pari*,  187J,  p.  130  tl  stq. 
f  Conditions  of  tht  Unipotar  Stimulatt^u,  ttt.     "  Brain." 
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ACnO»   OF   SLECTRICITY   ON  THZ   SKIN. 


In  regard  to  the  study  of  the  action  of  clcctricit/  or  the  body  u 
health,  it  is  necessary  to  make  the  preliminary  remark  hat  many  of 
the  exi>cnn)ent9  that  have  been  made  and  published,  and  widely  quoted 
in  this  departmenif  hive  but  little  ncieniific  value,  and  cannot  be  re- 
goitled  as  in  any  sense  auUioriiative.  The  reason  fur  tlie  uncertainty 
pertaining  to  the  reiwrted  expefinients  are  manifold  : 

1.  TAe  distiactien  between  (he  currents  has  not  been  observed.  Not 
only  have  the  faradic  and  the  galvanic  currents  been  constantly  con* 
founded,  but  the  sub{liviiJon&  of  tlie  faradic  current — the  electro  mag> 
nctic  and  magneto  electric — have  been  vaguely  commingled.  Many 
observers  speak  of  galvanization  when  they  mean  faradization,  and  vtte 
vtrsd,  and  not  a  few  apply  both  terms  to  the  use  of  the  same  current. 

2.  AlhUfance  has  not  been  made /or  the  differoiliat  action  of  ttrcng^ 
medium,  and  Jeeble  currents^  or  of  ieng  and  short  appHcaiions.  The 
difference  in  the  physiological  effect  of  a  large  and  small  dose  of  opium, 
strychnine,  belladonna,  or  ergot,  or  any  other  powerful  remedy  whatso- 
ever, is  enormous.  When  a  small  dose  has  no  perceptible  effect,  a  large 
dose  may  throw  into  profound  sleep,  or  into  violent  convulsions,  that  lead 
to  death.  In  speaking  of  the  physiological  action  of  drugs  of  any  kind, 
the  dose  is  always  mentioned,  and  any  cxi>crimcnt  with  drugs,  on  man 
or  animals,  when  the  dose  is  not  known  or  mentioned,  has  little  value  in 
icicnce.  Similarly  also  in  elcctro-tlierapeutics,  we  find  in  evcry-day 
experience  that  the  ditference  in  the  effects  of  a  mild  and  short,  and  a 
severe  and  lung,  application,  is  only  the  difference  between  making  a 
patient  infinitely  better  or  infinitdy  worse. 

When,  therefore,  we  read  that  galvanization  of  the  sympatlietic  or 
pneuiuogastric  produces  such  and  such  effects,  we  really  get  no  precise 
knowledge  whatsoever. 

3.  The  dt^ereatial  suseeptibility  0/  man  and  animals  has  not  been  dul} 
fonsidered.  Kxperinients  with  electricity  performed  on  the  tower  anl' 
mals,  as  frogs,  dogs,  cats,  horses,  rabbits,  cows,  guinea-pigs,  etc.,  do  not 
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always  afTord  a  safe  bans  for  generalization  in  reg  rd  to  the  effects  "A 
electricity  on  man,  and  esi>ecial1y  on  man  in  a  slate  of  civiliz^iion.  In 
their  susceptibility  to  the  electrical  stimulus,  and  in  the  length  uf  time 
that  they  retain  their  irritability  after  death,  there  is  a  great  difference 
ill  animals ;  be.ween  animals  and  civilized  man  this  difference  must  be 
vcf)"  great. 

In  proportion  as  the  organization  of  man  Is  more  complex  than  that 
of  the  lower  animals,  in  that  proporiion  will  the  physiological  reactions 
of  the  hiiniau  body  lo  the  electric  current,  or  indeed  to  any  other  in- 
lluence,  be  more  coniptcx  and  tinccrtain,  an<l  more  liable  to  deviations 
and  moditicitions  than  the  physiological  reactions  of  the  inferior  forms 
of  life  to  which  wc  arc  supposed  to  be  related.  Conclusions  in  eicctro- 
phystolog}',  derived  solely  froiu  experiments  on  animals,  have  the  great 
merit  of  ^in|ilicity;  but  when  ap[)Hcfl  to  the  far  higlier  and  more  com- 
|>k'X  organization  of  man,  and  especially  of  civiUzed  man,  with  his  ex- 
cessively  sensitive  system  of  nerves,  they  are  apt  to  lead  into  serious 
error. 

4.  fnttiviiiual  idiosyttcrasiti  have  not  been  preptrty  comidered.  Tlie 
iction  of  medicines  varies  with  the  icmpcramenl  lo  such  a  degree  ai  to 
make  iK-ccssary  great  caution  in  rushing  to  generalisations  ftoni  ex|>c- 
ritnents  on  one  or  two  persons.  Applications  of  elcclricily,  faradic 
or  galvanic,  10  the  cervical  sj'ni pathetic,  similar  in  length  and  strength, 
may  cause  in  one  individual  symptoms  uf  cerebral  congestion,  in  another 
8ym|)toms  of  cerebral  antenna,  and  in  another  its  effects  may  be  purely 
negative.  In  ohe  individua'  the  effects  of  such  apjilication  may  be  felt 
at  once,  in  another  an  iiour  ur  Iwu  after  the  applicition,  in  another  not 
until  the  following  day. 

There  is  a  great  difference  in  the  average  susceptibility  of  different 
nationatthes  and  of  the  higher  and  lower  orders  of  society,  with  occa- 
sional exceptions  1>olh  ways  ;  the  tough,  coarse  fibred  laboring  classes 
are  much  less  susceptible  to  electricity,  just  as  they  are  niucli  less  sns- 
ccptible  to  drugs,  than  the  delicate,  finely  organized,  brain-workmg 
classes. 

5.  77;r  action  of  electricity  on  the  Iwdy  in  health  may  be  iearaed,  in 
fart  at  least,  hy  stttdyittg  its  actixtn  in  disease. 

"Pathology,"  .Mlbutt  well  says,  "  is  but  the  shady  side  of  physiology." 
To  draw  the  line  ]>reciscly  where  health  ends  and  ilisease  begins,  ts 
oftentimes  beyond  the  power  of  mortal  man.  Of  tlic  deep  darkness  of 
the  midnight-hour  any  child  is  conhcious,  and  even  the  l)irds  discern  the 
approach  of  evening  ;  but  what  piiysicist  so  keen  as  to  tell  the  precise 
oioaicnt  whi:3  the  late  afternoon  begins  to  fade  into  the  •rarly  twilight/ 
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It  i.s  because  physiology  md  ]>atliology  thus  run  into  eacli  otlier,  that 
obsrrvatiuiison  pathological  stutesniay  be  of  great  service  to  physiology. 
Experiments  made  with  electricity  on  patients  more  or  less  diseased 
have  helped,  as  wc  shall  see,  to  solve  some  of  the  problems  of  electra 
physiology.  Certain  pathological  states  render  the  nerves  unusually 
impressible  to  electricity  in  degree,  though  in  the  same  way  as  in 
health,  and  thus  are  of  great  value  to  the  electro- physio  logical  cxpcri 
roenlcr. 

The  above  considerations  explain  in  part  the  opposite  and  inconsistent 
as  well  as  fragmentary  character  of  electro- physio  logical  researches,  and 
they  should  be  borne  constantly  in  mind  by  those  who  study  this  and 
the  following  chapters,  devoted  10  the  action  of  electricity  on  the  huinaa 
body  in  health. 

Action  of  Franklinic  Ehc(ricity. — IVhen  the  sparks  of  frictioiial 
electricity  are  applied  lo  the  skin  they  produce  a  sensalion  of  pricking 
and  if  tlic  sparks  arc  large  the  skin  becomes  red  and  a  papular  eniptiori 
appears.     Applied  to  the  scal|i.  it  causes  the  hair  to  stand  on  end. 

Action  of  the  Faradic  Current. — If  any  dry  artificial  electrode  \i 
pressed  against  the  dry  skin  while  a  faradic  current  is  passing,  the  elec* 
tridty  will  penetrate  but  slightly  to  the  deeper  tissues,  unless  the  current 
is  very  intense,  because  of  the  great  resistance  offered  by  the  skin. 

One  effect  of  the  faradic  current  on  die  skin  in  this  way  is  10  cause  a 
change  in  the  circutatioiu  The  change  may  be  either  ana:ni:a  or  hyper- 
icmia.  At  lirst  there  i^  anc-cmia.  The  calibre  of  the  blood  vessels  is 
narrowed,  through  the  action  of  the  currcat  on  the  vasomotor  nerves. 
This  contraction  witli  anasniia  is  spasmodic  in  its  character  ;  it  lasts 
but  for  a  tim«,  and  in  the  course  of  two  or  three  minutes  it  gives  way 
lo  hyperainiii.  The  skin  becomes  red,  and  remains  so  for  a  short  or 
long  time,  from  several  minutes  to  several  hours,  according  lo  the 
strength  of  the  current,  the  length  of  the  appUcation,  and  the  tempera- 
inent  uf  the  individual. 

Another  effect  of  faradi^ing  the  skin  in  this  way  isi>ain.  This  pain  is 
caused  by  the  irriution  of  the  extremities  of  the  sensory  nerves. 

When  the  dry  hand  is  substituted  for  the  dry  artiticial  electrode,  the 
furCice  can  be  faraditcd  without  jiroducing  )>ain.  During  the  latter 
oi>eraIion  the  electricity,  acting  upon  the  diy  surf;ice  of  the  skin,  pro- 
duce's a  peculiar  cracking  or  humming  soun<l  that  may  be  hfard  several 
leei. 

An  application  of  a  faraJic  current  of  ordinary  strength  is  followed 
by  the  mcAt  marked  elfects  on  the  bkin  when  it  is  dry,  from  the  fact 
that  the  electricity  is  mostly  confmed  to  the  surface  of  the  tissue.     A 
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very  fine,  or,  in  other  words,  a  rapidly  intemipted,  farodic  current,  has 
a  more  marked  effect  on  the  sensory  nerves  than  a  coarse,  or  slovrly  in- 
lerruptcJ,  current,  and  In  the  treatment  of  the  more  common  Tornis  of 
anxsthesta  and  neur^ilgia  this  fact  must  be  considered.  T/i£  nri^tUive 
pole  has  a  mutk  stranger  effect  both  on  the  sensory  and  motor  ncnes 
than  the  posUivt.  Any  one  eau  readily  distini^uish  the  poles,  luhen  held 
in  the  hand^  by  the  stronger  sensation  and  mere  violent  museular  con- 
traction which  is  felt  at  the  negative. 

Some  parts  of  the  skin  are  more  sensitive  to  the  current  than  others, 
from  the  fact  that  they  are  more  richly  supplied  with  nerves.  The  face 
is  especially  sensitive  at  the  iwints  where  the  various  brandies  of 
the  trigeminus  x^wc,  and  at  the  line  of  demarcation  of  the  skin  and 
mucous  membrane  of  the  nose  and  mouth.  The  relative  sensitivenesi 
of  different  parts  of  the  surface  of  the  body  to  the  faradtc  current  wiU 
be  discussed  in  detail  in  a  chapter  devoted  to  that  subject  in  the  section 
on  Electro  Therapculica.  A  faradic  current  of  moderate  strength,  when 
applied  to  bones  that  lie  very  near  chc  surfacr,  produces  considcrabk 
pain  of  a  peculiar  cliaracter.  This  pain  is  caused  on  account  of  the 
irritation  of  the  sentient  nerves  of  the  periosteum.  The  forehead  and 
the  region  of  the  scapula,  and  tibia  are  especially  sen&'itive  to  electriza- 
tion. 

It  is  not  supposed  thai  the  bone  is  specihcally  affected  by  the  electric 
current.  Both  llic  periosteum  and  the  bonc>  however,  may  have  an 
increased  amount  of  blood  attracted  to  them  by  the  electric  current. 
Acting  in  this  manner,  elcclnzation  has  been  known  to  reunite  an  old 
fracture.     (Sec  Electro-Surgery.) 

'ITie  great  and  peculiar  sensitiveness  of  the  skin  to  electricity  is  ex- 
plained  in  part  by  the  fact  that  the  epidennis  as  a  whole  is  so  poor  a  con- 
ductor, and  the  electricity  enters  it  ly  points  through  the  sudoriferous  and 
sebaceous  glands,  and  the  smaller  the  diameter  of  the  point  at  which  the 
electricity  enters  a  body  the  greater  the  density,  the  strength  of  the 
current  being  constant.  When  now  an  electrode  is  applied  to  the  body, 
the  entire  current,  instead  of  diffusing  itself  over  the  wliole  surface, 
enters  at  the  glands,  where  there  is  best  conduction,  and  consequently 
excites  pain.  For  the  same  reason,  to  a  greater  degree,  electricity 
applied  by  means  of  a  metallic  brush  is  far  more  painful  than  when 
applied  with  a  broad  metal  or  sponge. 

For  l!ic  same  rcasen  a  wet  sjmnge  electrode,  when  lightly  tuuclied  to 
the  surface  of  tJic  body,  causes  more  pain  than  when  firmly  pressed  on 
the  skin. 

One  effect  of  faradir.ing  the  skin  is  the  phenomenon  of  "  goosc-ficsh,' 
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popoUily  so  called.  This  is  noticed  not  only  where  the  electrodes  are 
upplled,  and  between  them,  but  at  a  distance.  It  is  more  obsen-ed  in  the 
nrrvotis  and  feeble  than  in  Ihe  hardy  and  strong,  ll  may  be  excited  by 
weak  currents  of  momentary  duration.  In  some  persons  it  cannot  be 
excited  at  alL 

Action  of  the  Galvanie  Current. — Tlie  effects  of  the  galvanic  current 
on  the  skin  differ  soraewhat  from  those  of  the  faradic.  At  both  ))oles. 
there  is  a  burning  sensation,  which  increases  in  intensity  with  the  strength 
of  the  current  and  the  length  of  the  application.  The  sensation,  when 
the  current  is  closed,  is  like  that  uf  a  n)ustard-]i1a«<ter,  ur,  with  a  vcrj 
strong  current,  that  of  a  hot  iron  pressed  on  the  skin.  The  ''goose 
skin  "  sometimes  appears  as  under  the  faradic  currenl,  but  iI  lasts  longer 
It  appears  only  around  the  jwlcs,  and  not  beneath  them,  at  the  points  of 
contact.  At  the  positive  pole,  in  some  cases,  there  appears  under  the 
electrode,  at  hrst,  a  shallow  depression,  and  the  skin  is  pale,  but  soon 
hypeneniia  appears,  and  many  little  elevations  here  and  there.  When 
a  strong  current  is  used  an  ischemic  appearance  is  presented  beneath 
the  clcctro<le,  and  a  red  areola  extends  for  some  distance  around. 

At  the  negative  pole  substantially  ilie  same  phenomena  api>ear,  but 
the  hyperxmia  arises  more  rapidly,  and  is  more  intense  and  extended. 

The  general  sensation  caused  by  the  galvanic  current  is  then,  in 
tharacter^  substantially  the  same  at  both  poles.  In  degree  of  action 
there  is  a  certain  difference,  since  the  change  at  the  negative  develops 
more  rapidly  and  powerfully. 

The  above  phenomena  we  have  repeatedly  demunstrated  on  a  variety 
of  temperaments.  We  have  observed  tJiat  the  rapidity  and  strength  of 
the  action  are  considerably  modified  by  the  individual.  Soft,  thin,  and 
delicate  skins  appreciate  the  burning  feeling  and  the  various  stages  of 
hyi^erxmia  more  quickly  than  skins  which  are  coarse,  thick,  and  hard. 

Zicmssen,  who  has  carefully  studied  this  subject,  states  that  unpih 
titrisable  electrodes  are  necessary  in  order  to  obtain  the  complete 
results  with  certainty.  The  advantage  of  uniwtarizable  electrodes  is, 
that  they  are  not  so  painful,  and  so  a  current  of  from  thirty  lo  sixty 
elements  can  be  borne  for  a  long  time,  say  from  ten  to  thirty  minutes. 
With  ordinary  electrodes  such  a  current  would  for  most  persons  be  un- 
endurable after  the  second  minute. 

Chemieai  Effects  of  the  Galvanic  Current  on  tJie  Skin. — The  diemical 
effects  of  Ihe  galvanic  current  on  the  skin  differ  not  only  in  degree  but 
in  kind.  Under  the  negative  pole — when  metallic  electrodes  of  moderate 
diameter  are  applied  on  the  skin,  slightly  moistened — there  appear  small, 
pale  vesxies,  that  are  transparent  and  are  not  raised  much  above  the 
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skii..  This  phe'iomena  is  |)ro<lticcd  by  n  current  that  causes  a  strong 
burning  sensatioiL  These  veaicltis  contain  fluid  and  layers  of  eptdernits. 
'I'hr  fluid  is  alkaline.  VVljen  the  Rlrength  of  llie  current  is  iiicreaset!  ■.h': 
fluid  becomes  of  a  bronTiish  color,  and  blisters  are  formed  and  a  red 
areola  appears.  The  serum  that  comes  out  on  the  skin  is  alkaline. 
I'hese  blisters,  and  all  the  other  phenomena,  as  has  been  often 
deniunsl rated,  appear  mure  rapidly  on  delicate  ihaii  on  thick  skins,  aiid 
when  fully  furnieil  ciiey  are  a  long  lime  in  healing,  and  fur  days  and 
weeks  a  yellowish  and  brownish  discoloration  may  be  observed  at  tlic 
points  where  the  skin  was  acted  on. 

If  the  application  be  still  more  protracted  little  ulcers  are  formed,  that 
are  also  slow  to  perfectly  heal,  but  are  not  painful,  and  cause  no  an- 
noyance. 

At  the  positive  pole,  when  a  strong  current  is  used  for  some  time,  a 
blister  appears,  -iccompanying  the  other  symptoms  of  "  goose- llesh," 
ischxmia.  The  blister  is  colored  in  its  centre  a  yellowish  brown. 
The  serous  Ruid  that  comes  from  (he  lilislersisarif/.  The  metallic  clcc> 
trodc  becomes  black  tlirough  oxidation.  In  order  to  demonstrate  this 
action  of  the  positive  i>ole,  it  is  better  to  have  the  connection  at  the 
negative  pole  established  by  means  of  a  broad,  soft,  and  weil-nioislened 
sponge. 

Zicmsscn  states  that  by  this  expcnmeni,  made  with  thermometers, 
no  elevation  of  temperature  takes  place  either  at  the  positive  or  nega* 
rive  pole. 

In  all  these  chemical  actions  of  the  galvanic  current  on  the  body,  it  is 
probable  that  more  or  less  ozone  is  produced,  and  it  is  not  im|)os&ible 
that  the  oione  thus  produced  may  in  some  way  modify  the  effects. 
(See  section  on  Ownezr^^  Ulcers,  in  Elcctro.Therapcutics. ) 

EUetre-anicsthesia. — It  has  for  some  lime  been  a  matter  of  dispute 
whether  a  slight  an:esltiesia  can  be  produced  by  the  cleclrjc  current. 
It  is  well  known  that  for  a  number  of  years  some  dentists  have  been 
accustomed  to  connect  the  forceps  for  extracting  teeth  with  one  pole 
of  an  cicctro-magnctic  apparatus  while  the  patient  rested  his  foot  on  the 
bther  pole,  so  thai  as  ^ou  as  the  forceps  seized  hold  of  the  tooth  a  air- 
rent  is  established.  Although  this  method  of  ))roducing  anesthesia  is  not 
now  received  with  favor,  there  is  no  question  that  the  electric  currents 
do  have  a  slight  benumbing  effect.  The  results  of  various  experiments 
that  we  have  from  time  to  time  perfonned  in  this  department  seem  to 
be  conclusive.  We  have  had  teeth  extracted  while  a  strong  faradic 
:urrent  was  passing  through  the  jaw,  and  feel  assured  from  this  personal 
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cxtwiriencc  that  the  elcctricit)*  caused  the  piin  to  be  less  &jnsuivcl>  felt 
That  the  pain  caused  by  tin;  prick  of  a  pin,  for  example,  Is  less  stnsi 
lively  fcU  when  a  strong  faradic  current  is  passing  through  the  pan 
where  the  puncture  i%  made,  we  have  practically  dciuonairated  oi.  the 
haod  and  other  parts  of  the  body. 

AltJiaus*  arrived  at  the  concUisJon  ihat  the  electric  cun^eiu  could  pro 
duce  an  anwslhetic  or  slightly  paralyzing  effect,  from  experiments  oh 
Ihe  nerve-ininks,  as  the  ulnar  and  sciatic.  His  method  of  operating 
HTos  to  place  the  positlva  pole  over  some  point  where  the  nerve  wai 
superuciaJ,  and  the  negative  over  some  one  of  the  terminal  branches, 
keeping  up  the  action  of  the  current  for  fifteen  minutes,  with  the  result 
uf  pimhicing  a  feeling  of  numbnes.s,  and  less  sensitiveness  to  the  ctir- 
renL  Knorr,  of  Munich,  has  availed  himself  of  the  anxsthctic  effects 
of  electrisation  for  opening  felons  and  buboes. 

We  have  also  experimented  on  inriiiTncd  and  irritated  mucous  mem- 
branes. In  rhinitis,  pharyngitis,  and  laryngitis,  we  have  for  three  years 
been  accustomed  continually  to  make  use  of  the  benumbing  effects  of 
electrization. 

It  has  a  verj'slight  anieslhetic  effect  on  irritated  and  inflamed  nnicouj 
membrane,  and  those  on  whom  it  has  been  employed  de^rc  to  have  the 
applications  repeated.  Our  custom  has  been,  in  some  cases,  to  use  local 
faradization  after  the  appUcacioa  of  caustics  and  other  irritants,  tu  order 
to  relieve  Ihe  very  annoying  pain  tliat  they  so  often  cause,  or  in  any 
irritable  condition  of  the  parts. 

A  French  physician,  M.  Victor  Rcvillout,  has  obtained  similar  resulii 
Irom  applications  of  the  faradic  current  to  lite  uterus  after  cauteri^a- 
cioD.  t 

Eifcirical  Ex£Uabiiity  of  the  Skin. — TschiriewJ  and  Dc  Wattcville 
have  pointed  out  a  method  by  which  the  absohite  and  relative  excita- 
bility of  ihc  cutaneous  nerves  can  be  readily  tested.  The  principles 
of  their  method  are  ;  ist.  Elimination  of  all  the  sources  of  variation  in 
Ihc  strength  of  the  currents  due  to  the  variable  thickness  o(  the  cpi- 
dermis,  and  the  different  posiiions  of  the  electrodes,  etc,  by  intercalat- 
ing ill  the  circuit  such  resistances  as  to  make  such  variations  iustgniti- 
Cint.  zd.  Elimination  of  the  variable  abundance  of  nervous  elements 
in  the  skin,  by  exciiing  it  at  a  constant  number  of  points,  dispersed 
over  a  constant  surface. 


*  AttJicat  SledricUy,     l86a     pp.  166,  167. 

\  Arrfiivej  Cittern//!  d*  Midtcmt.     Sctileiuber,  |96S. 
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CHAPTER  IV. 

ACnON  or  ElfCTRICTTY  ON  THE   DRAIN  AXO  SPINAL  COKD. 

Direct  Application. — It  has  been  shown  by  Fritsch  and  Hitzig  Ihai 
in  the  cerebral  coiivoUniona  iliere  are  centres  for  the  production  of 
voluntary  muscular  movements  in  various  parts  uf  the  body.  These 
physiologists  took  ofT  the  upper  part  of- the  skull  of  a  clog,  ant]  by 
means  of  weak  galvanic  currents  excited  the  exposed  brain,  locating 
the  current,  as  far  as  ]>ossible,  in  small  portions.  'I'hev  found  that 
vhcn  certain  deftnite  portions  of  the  anterior  convolutions  were  excited^ 
movements  were  caused  in  certain  groups  of  muscles  on  the  opposite  side 
of  ike  body.  Continuini;  their  researches,  they  showed  that  there  are 
definite  nerve  centres  for  the  nerves  that  preside  over  the  nitiscles  of 
the  Tieck,  the  foot,  and  the  face,  for  the  extensor  and  adcluctormusdes 
of  the  forearoi,  and  for  the  flexor  and  rotator  muscles  of  the  arm. 

Prof.  Fcrricr,  of  King's  College,  T^ondon,  has  made  similar  researches 
with  xhcfaradic  current,  and  with  it  has  investigated  the  brains  of  fish, 
frogs,  dogs,  cats,  rabbits,  guinea-pigs,  and  monkeys.  He  has  studied 
not  only  the  cerebrum,  but  the  cerebellum,  die  corpora  quadrigemrna, 
and  other  portions  of  the  brain.  Electrization  of  the  optic  thalami 
produced  no  result,  KlcctrizatJon  of  the  coqiora  striata  caused  the 
limbs  to  be  flexed.  Electrization  of  the  anterior  tubercles  of  the  corptora 
quadrigeniina  caused  dilatation  of  the  pupils  and  opisiliotonus ;  while 
electrization  of  the  posterior  tubercles  caused  the  animal  to  make  all 
sorts  of  noises.  Electrization  of  the  cerebelhim  caused  movements  of 
the  eyeballs.  Dr.  ]Jeard  •  has  carefully  studied  this  subject  on  Uie  brains 
of  dogs,  rabbits,  cats,  and  pigeons.  He  used  both  currents,  mild,  me- 
dium and  strong,  and  studied  also  the  question  of  diffusion  of  currents. 
His  provisional  conclusions  were,  that  the  surface  of  the  brain  was 
electrically  excitable ;  that  the  theory  advanceil  by  Dupuy  and  othef 
Krencl)  observers,  that  Itic  excitation  was  due  to  die  diffusion  of  the  cnr- 
rents  to  the  central  ganglia,  was  not  tenable   Dr.  Bartliolow  j-  had  made 
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sioiStar  expcnmcnts  on  the  brain  of  a  living  -:t'onuLn,  exposed  by  can* 
ccrous  disease. 

-Effects  of  External  Galvanization  aj the  Bram.—'Wi^  leading  effect 
of  inctlluin  and  strong  galvani^altun  of  the  lirain  by  tcjitemal  application 
in  the  living  human  subject  is  ilitferent  When  one  electrode  is  placed 
on  (tie  fur^hcad  and  llie  other  un  the  occiput,  or  one  on  tlic  jiuiinntt  of 
the  head  and  tlie  other  on  ilie  sitomach,  galvanisation  isi  followed  by 
little  if  any  tendency  to  vertigo.  When  .t  current  of  even  feeble  teiuioa 
is  passed  from  temple  to  teuiple.  or  from  one  mastoid  bone  to  its  fellow, 
very  decided  dizz-iness  is  at  once  i>eiceived,  vvbidi  coniinucs  during  the 
operation  of  the  current,  and  becomes  most  decidedly  manifested  at  the 
moment  the  circuit  is  broken. 

During  the  passage  of  the  current  there  is  a  very  marked  and  quite 
OTCsistibIc  tendcticy  to  lean  toward  the  positive  pole,  while  objects  in 
viev  seem  to  move  in  the  same  direction.  When  the  circuit  is  opened 
diere  is  a  reversal  in  the  direction  of  the  seeniing  moveaienis,  and  tbe 
experimenter  instantly  bends  in  the  opposite  direction  toward  the  nega- 
tive pole. 

For  these  phenomena  an  ingenious  and  plausible  explanation  is  given 
ty  Hit/ig.  When  the  current  iiasses  from  the  forehead  to  the  occiput, 
the  light  and  left  lobes  of  the  brain  and  aJl  that  pertains  10  them  are 
e<|iully  or  symnietncally  indnenced,  and  little  if  any  dizziness  is  {ler* 
ccive;L  Place,  however,  the  anode  upon  one  temple  and  the  cathode 
upt'H  the  other,  and  mark  the  re:tdines&  with  wJiich  di^^ines^;  is  prmhtced. 

In  tilts  0|>eration  the  brain  is  no  longer  symmetrically  attected.  One 
hrmisphere  is  in  a  condition  of  anetectrolonos,  or  diaiinished  irritability. 
while  the  other  is  in  a  condition  of  catelccirotonos,  or  increased  irrita- 
bility, or,  as  it  is  expressed,  there  ii  a  faUiftcation  of  the  muscular  sense, 
X  tlisluibance  of  the  equilibiium,  and  the  apparently  involuntary  iiicli- 
uaiion  toward  the  anode  is  in  reaUcy  a  voluntary  effort  to  restore  the 
imaginary  loss  of  balance. 

Httzig  indicates  several  degrees  of  galvanic  giddiness. 

I.  A  wure  sense  of  fulness  in  the  head.  Tins  feeling  \t,  caused  by  a 
mild  current  when  broken,  but  not  usually  when  the  current  is  ntnning, 
nor  so  markedly  when  the  current  is  closed.  Certain  teiiiperaneiUs, 
however,  experience  this  feeling  not  only  wlieo  the  current  is  broken, 
bat  also  when  it  is  running. 

1.  Apparent  movements.  These  are  produced  by  stronger  currents 
Objects  when  th.:  ciiirenc  is  running  appear  to  go  from  the  positive  to 
the  negative  pule  \  wbeii  llie  current  is  broken  the  apparent  inuveuieul 
IB  reversed. 
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3.  S/it^'^erin^.  This  is  produced  by  stronger  currenls.  In  impress 
ibie  teinperaments  very  mild  currents  may  produce  it- 

Mcvemenii  0/ iht  Eyes. — Movtmenfi  of  Ihc  eyebails  have  also  beec 
observed  by  HiUtig  iluriiig  the  second  and  Uiird  stages  of  dizziness. 
When  a  strong  current  goes  transversely  through  the  head,  and  iu 
direction  is  changed,  movemenis  of  the  eye,  resembling  nystagmus, 
tppear.  There  is  a  jerk,  and  then  a  further  movement.  If  the  positive 
pole  be  in  the  riglit  mastoid,  and  tlie  negative  in  the  left,  both  eyes  are 
jerked  toward  the  left,  and  kept  llierc,  provided  the  current  be  sufti- 
cienily  strong. 

There  are  anatojnical  reasons  for  supposing  that  the  brain  can  be 
more  ea&ily  affected  in  the  mastoid  and  occipital  regions  than  in  the 
anterior  portion,  A  large  vein  connects  the  transverse  sinus  »-ith  Ihc 
pt>sierior  auricular  veins,  and  with  the  posterior  meningeal  artery  into 
ihc  skull  through  the  mastoid  foramen.  In  the  occipital  region  a  vein 
connects  the  transverse  sinus  with  the  vena  cervicalis  profunda  tlirough 
the  posterior  condyloid  foramen.* 


SFINAI,    COKD. 

Rigid  cratnps  of  alt  the  nmscies  of  the  trunk  ami  extremities  follow 
electrization  of  the  spinal  cord  when  an  electrode  Is  placed  at  cither 
extremity  of  the  conl.  Cramps  of  the  same  character  are  aUo  pro* 
duccd  wlien  one  electrode  is  applied  to  the  anterior  and  the  other  to 
the  posterior  culunm,  cither  at  their  upper  or  lower  extremities. 

If  the  spinal  cord  be  ilivided  at  about  its  centre  and  the  lower  half 
electrized,  only  the  muscles  of  the  lower  or  hinder  limbs  uill  contract. 
If  the  upper  half  be  electrized,  only  the  muscles  of  the  fore  limbs  will 
enter  into  contraction.  The  results  will  be  the  same,  whether  tlie  cut 
extremities  are  sei>ar3tcd  or  brought  in  close  contact,  in  which  latter 
condition  no  impediment  is  offered  to  the  passage  of  the  current 
The  above  researches  of  Weber  have  been  confirmed  by  Dr.  Heard's 
expcrintettts  on  dogs  and  rabbits.  The  effects  are  produced  by  both 
currenls. 

Inhibitory  Ejects. — At  the  momeni  of  closing  and  breaking  a  gal 
vanic  current  its  action  upon  the  cord  is  manifest  by  the  contraction  of 
the  muscles  of  the  body  and  limbs  ;  but  during  the  passage  of  llie  cur 

*  <Ju<>tcH  from  l.uKhka  mil  Anaiomie  det  MtnsckfKy  vol.  iU.,  a,  p,  IJ4,  bi 
AlChaui,     Tliml  wlitii-n,  )<.  139. 


L 


J 


SPINAL  CORD. 


115 


rent  do  contractions  are  observed,  and  a  paralyzing  effect  soon  takef 
place.  Tlie  cord  remains  lii&c-nMbtc  u>  any  stimulus  that  may  be  ap 
plied  to  it  as  long  as  the  current  is  pas&ing,  but  at  its  cessation  any 
medianicol  irritation  will  give  rise  to  the  usual  tetanic  convulsions. 
This  diminution  of  excitability  is  coD6ned  alone  to  the  spinal  cord,  foi 
if  the  motor  nerves  and  muscles  are  traversed  by  an  induced  current 
(while  the  cord  is  under  tlic  intluencc  of  the  galvanic)  they  contract 
vigorotisly.  The  galvanic  current  applied  through  the  spinal  cord  for  a 
long  time  produces  paralysis 

According  to  Mayer,  if  a  mild  faradic  current  be  applied  to  the  cervi- 
cal region  of  frogs  that  are  in  an  irritable  condition,  movements  of  the 
lower  cxtrcmitifs  occur.  Electrization  of  the  posterior  columns  pro- 
duces these  movements  easier  than  electrization  of  the  anterior  col- 
umns. If  the  posterior  columns  are  removed  no  movemems  occur.  If 
the  cord  is  divided  into  halves,  posteriorly  and  anteriorly  from  above 
nearly  down  to  the  origin  of  the  sciatic  nerve,  electrization  of  the  pos- 
terior half  produces  movements  but  electrization  of  the  anterior  docs 
not.  If  the  posterior  roots  on  the  trunk  of  the  brachial  nerve  are  elcc- 
nucd,  the  movements  are  produced  jusl  as  when  the  cord  itself  is  elec- 
txijicd.  Fick,  however,  declares  that  the  anterior  columns  respond  to 
faradization. 

Cili^spinat  Centrt. — The  cervical  sympathetic  nerve,  which  animates 
the  radial  fibres  of  the  iris,  takes  its  rise  from  the  spinal  cord  between 
the  seventh  cervical  and  the  sixth  dorsal  vertebrae. 

If  this  portion  of  the  cord  be  galvanized,  the  excitation  is  transmitted 
to  the  cervical  sympathetic  nerve,  and  thence  to  the  iris,  producing  dila- 
tation of  the  pupil.  This  point  has  been  termed  by  Budge  and  Waller 
the  centrum  dlio-spinaU.  A  ganglion  near  the  tiflh  lumbar  vertebra 
which,  on  being  electrized  in  animals,  produces  contractions  of  the  rec- 
tum and  bladder,  is  called  the  ganglion  gcn'ttthspinale. 

The  first  of  these  points,  the  (entrum  eiito  spinaie^  can  be  demon- 
strated by  external  applications  both  of  the  galvanic  and  faradic  cur* 
I  ;nts.  and  is  of  great  importance  in  general  faradization.  The  ganglion 
ftnitaspmalt  also  is  probably  directly,  though  not  so  demonstrably, 
jLtfertcd  by  external  electrization  of  the  spine. 


CHAPTER  V 
AcnoK  or  ELacTKicrrv  on  i-he  svupatheiic  and  pneumocastric 

In  order  to  intelltgeiuly  a|)prccble  the  experiments  lliat  have  l>ccn 
made  to  determine  ttic  action  of  clecmciiy  on  t)ic  sympalhctic  and 
pneuinogastnc,  tt  is  necessary  to  keep  constantly  before  tlie  niind  the 
Collowing  considerations : 

1.  The  action  of  electricity  on  the  sympathetic  and  pneumogastric 
tiiust  be  modified  by  the  kind  of  electricity  eiuployedi  by  the  strength 
of  the  current  and  length  of  the  applications,  and  by  tlie  condition  aud 
tcinperament  of  Ihe  subject  in  which  the  experiment  is  made. 

To  say  that  galvanizing  the  sympathetic  produces  such  and  such 
effects  is  really  to  give  no  information  whatsoever,  for  at  once  the 
inquiring  soul  raises  the  (jnestions.  Ho*  strong  were  die  current*  tised? 
How  long  were  the  applications  ?  Were  men  or  animals  subjected  to 
the  experiment?  Were  they  intact  or  injured  ?  If  animals,  what  kiiul, 
and  were  the  results  the  saine  on  several  animals  of  the  sauie  kind  ? 

3.  These  nerves  can  be  affected  both  by  external  and  internal  appli- 
cations of  electricity. 

The  fact  that  external  electrization  affects  these  nerves,  which  has  by 
some  been  disputed,  is  fully  apparent  from  what  is  known  in  general 
of  the  cleciro-conductiviiy  of  tiie  body,  is  confirmed  by  special  experi- 
ments, and  is  demonstrated  by  observations  in  physiological  and  )>allia- 
logical  cases.  This  is  tru;:  not  only  of  the  cervical  sympadictic  ganglia, 
but  of  all  tlie  ganglia  of  the  body.  Known  facts  in  regard  to  the  elec- 
tro-conductivity of  tlic  body  show  that  none  of  the  ganglia  of  the 
sympathetic  can  escape  the  electric  influence  when  ihc  current  is  ap- 
■  plied  over  the  surface  of  the  body. 

3.  The  effects  of  external  application  through  the  skin  on  these  nervei 
rannot  be  expected  to  be  iiicntical  in  kind  and  degree  with  the  effects 
of  direct  application  to  the  nerves  themselves.  Although  the  cervica] 
ganglia  of  die  sympathetic  and  the  pncumogasiric  nerve  are  traverscil  by 
the  currents  of  electricity  when  the  electrodes  are  placed  on  the  skin  in 
such  a  [Kisition  that  the  current  in  passing  from  one  to  the  other  finds  lltct=c 
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oenres  ta  dictr  patbwijr,  yet  on  phrsical  or  physiological  principles  wc 
casDOt  expect  the  same  results  as  wbtrn  Ihc  one  or  Ixith  jwles  are  di- 
rectly sppUed  to  the  nerre*.  In  external  applications  it  is  the  dtrind 
conenu  that  pass  through  the  ncnres,  and  direct  /o!ar  effect  h  not 
gained.  When  ve  consider  that  the  currents  in  passing  from  one  pok 
to  the  other  diffuse  Themselves  intonnuiberless  undulatory,  diverse  cur- 
nnUs,  it  IS  easj  to  sec  that  only  a  small  part  of  the  electric  influence 
will  be  appreciated  by  such  small  nerves  as  the  sympathetic  gangUa  or 
ihe  pseunxigastric.  In  the  body  betveen  the  electrodes  the  ctinrnts 
act  [ike  diffttsed  light ;  at  the  electrodes  the  currents  act  like  light  con 
centiated  to  a  focus.  If  currents  of  sufficient  ]>ower  could  be  borne 
externally,  it  is  possible  that  by  single  external  applications  there  coiil') 
be  produced  all  the  effects  that  are  obimned  by  direct  applications  to 
the  f>ervcs  themselves;  but  this  is  hardly  probable,  for  the  twofold  rea- 
son that  the  differential  polar  effect  could  not  be  obuined,  and  that 
the  great  stimulation  of  each  of  the  electrodes  on  the  surface  would 
complicate  the  experiment.  These  considerations,  as  it  seems  to  us, 
.aifficienlly  explain  what  to  many  has  been  regarded  as  a  great  clifFi- 
ilty— that  the  ordinary  ihcrai>cutical  measures  for  electrizing  the  syra- 
'  {>iihetic  do  not  produce  the  same  effects  as  direct  applications  to  the 
ganglia. 

That  the  ^-mpaibetic  and  the  pneumogasttic  are  traversed  by  the  cur- 
tt  when  the  electrodes  are  placed  on  the  surface  of  the  neck,  is  suffi- 
ieotly  probable  from  the  known  l.iws  of  electric  conduction.  Wicn 
one  electrode  is  placed  at  the  nape  of  the  neck,  and  the  other  at 
ihc  anterior  border  of  the  stcnio-ck'ido-mastoid  muscle,  the  c\trrcnt| 
whether  faradicor  galvanic,  however  widely  it  may  radiate,  and  however 
numerous  the  branch-currents  may  be,  must  by  physical  necessity  trav- 
erse the  s)'mpaihctic  and  pneumogastric  There  is  no  more  prob- 
ability that  it  will  go  out  of  its  way,  in  violation  of  phj*sical  laws,  and 
these  nerves,  than  that  a  storm  sweeping  between  New  York  and 
l.lyn  will  take  a  circuitous  march  and  avoid  the  East  River. 
These  nerves — the  sympathetic  and  pneumogastric — and  the  tissues 
by  which  they  are  surrounded,  are  good  conductors,  very  much  superior 
in  conductivity  to  the  skin,  and  of  almost  the  same  condiiclivity  nj>  Ihe 
muscles ;  and  even  if  some  branch  or  dcdvcd  currents  pass  through 
other  tissues,  as  unquestionably  Is  the  case,  these  nerves  cannot  be 
wholly  avoided,  and  when  the  electrodes  arc  in  central  positions  they 
le  probably  the  highway  through  wh'ch  nearly  the  entire  charge 
rpasses. 

But  stronger  than  the  analogies  of  electro-physics,  and  more  cdd 
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vincing  than  experiments  on  the  dead  Bubjecl,  are  the  observed  effects 
of  eleclrizition  of  the  neck  in  physiological  and  pathological  cases. 
These  effects,  which  will  be  detailed  further  on,  harmonize  so  closely 
with  all  our  knowledge  of  nervo- physiology,  and  accord  so  exacily  with 
pathological  observation,  as  to  demonstrate  beyond  doubt,  and  with  an 
cmjihasis  by  which  those  who  observe  cannot  fail  to  be  impressed,  that 
Ihe  sympathetic  and  pncumogastric  can  be  affected  by  exiernal  fciradi 
nation  or  galvanization  of  the  neck. 

4.  Ii  is  difficult,  if  not  impossible,  to  affect  the  cervical  sympathetic 
or  the  pneumogaslric  by  external  applicalions,  without  at  the  same  time 
affecting  the  depressor  rer\'e,  the  spinal  cord,  or  the  brain,  and  es[iccially 
difficult  is  it  10  limit  the  action  to  the  pncumogastric  without  at  the 
same  time  affecting  the  sympathetic,  and  vice  versa. 

This  conclusion  follows  as  a  logical  rcsidt  from  the  anatomical  rela- 
tion of  ihe  parts  and  from  what  is  known  of  the  electro-conductivity  of 
the  body,  and  is  pretty  distinctly  demonstrated  by  the  physiological  and 
therapeutical  action  o(  the  current  when  externally  applied.  In  what- 
ever position  we  place  the  electrodes,  the  derived  currents,  in  passing 
from  one  electrode  to  the  other,  must  traverse  some  portion  of  both  of  the 
great  nerves.  The  base  of  the  brain  and  the  region  of  the  neck  constitute 
the  most  important  part  of  the  central  nervous  system.  So  far  as  life 
can  be  said  to  have  any  centre,  it  is  here,  where  the  pncumogastric,  the 
phrenic,  and  the  other  great  neiTes  take  their  origin.  Directly  or  indi- 
rectly, by  the  actual  passage  of  the  current,  or  by  reflex  action,  any  part 
of  this  imjiortant  region  is  liable  to  be  affected  in  the  applications  ein* 
ployed  in  the  so-called  galvanization  of  the  cervical  synipatlietic. 

It  is  partly  on  account  of  Ihts  difficulty  of  limiting  the  action  of  the 
current  to  one  or  other  of  these  great  nerves  that  we  treated  Ihein  both 
under  tlie  same  chapter.  When  operating  on  these  nerves,  exposed 
and  laid  bare  and  isolated,  the  action  of  the  current  can,  of  course,  be 
limited  pretty  exclusively  to  the  nerve  operated  on.  The  cervical 
ganglia  of  the  sympathetic  receive  the  chief  attention  in  all  these  ob- 
servations, because  they  are  jirorninent  and  accessible  and  bear  a 
powerful  and  recognized  influence  over  the  cerebral  circulation  ;  but 
all  the  ganglia  of  the  sympathetic  are  accessible  to  ihe  electrical  influ- 
ence. 

Action  ef  Electriiiiy  on  the  Cranial  Portion  of  the  Sympathetic. — In 
1717  M.  Pourfour  du  Petit  discovered  that  the  following  s)Tnptoms  re. 
mlled  from  division  of  the  cervical  fdaments  of  the  sympathetic  nerve, 
viz.:  contraction  of  tlie  pupil,  redness  and  injection  of  the  conjunctiva, 
and  flattening  of  the  cornea ;  the  eyelids  approach  each  other,  tbc 
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ntctitating  membrane  becomes  more  prominent,  the  secretion  from  the 
miicons  surfaces  of  the  eye  is  increased,  and  the  eyeball  is  drawn  fur- 
ther into  the  orbit.  In  addition  to  these  symptoms,  the  ears  and 
nostrils  also  become  red  and  injected,  and  the  head  totter  and  more 
sensitive. 

Claude  Bernard  observed  that  not  only  did  all  these  phenomena  dis- 
appear when  the  cranial  portion  of  the  nerve  was  submitted  to  elcctri- 
zation,  bat  that  quite  reverse  phenomena  appeared.  The  pupil  be- 
came larger  than  natural ;  the  conjunctiva,  the  ears,  and  the  nostrils  be- 
came quite  pale  ;  the  eyeball  protruded  from  its  orbit ;  Ihe  mticous 
surfaces  became  drier,  and  the  head  cooler  and  less  sen&itive  ;  but  ai 
soon  as  electrixation  was  discontinued,  all  the  phenomena  caused  by 
the  section  of  the  nerve  again  appeared 

Electrization  of  the  great  sympathetic  before  it  is  divided  produces 
almost  precisely  the  same  results  as  after  division.  It  has  been  ob- 
served by  Weber,  that  if  either  die  inferior  cervical  ganglia  of  the 
sympathetic  nerve  or  its  cardiac  branches  arc  submitted  to  electrization, 
the  action  of  the  heart  is  accelerated. 

Action  cf  Electricity  ffn  the  Cephalic^  Thoracic,  and  Abdominal  Gan- 
glia.— Section  of  the  synipalhctic  cause?>,  as  wc  have  seen,  increase  of 
heal  in  the  ear. 

Now  if  the  cephalic  end  of  the  divided  sympathetic  la  electrifietl,  tlie 
increased  temperature  of  the  part  is  lowered ;  but  if  the  electric  current 
be  passed  through  the  large  diameter  ofihe  ear,  thetemperature  is  further 
increased.  On  the  other  hand,  if  there  has  been  no  division  of  the 
sympathetic,  and  the  ear  is  electrified,  the  heat  in  that  |>ari  is  lessened. 

Valentin  found  that  the  galvanization  of  the  superior  thoracic  gan- 
glia revived  the  pulsation  of  the  heart  after  it  had  ceased,  and  increased 
the  frequency  of  the  beats  when  already  in  action.  Mild  galvanization 
of  the  splanchnic  nerves  thai  arise  from  the  six  lower  dorsal  ganglia 
of  tlw  sympathetic  increases,  while  strong  galvanization  diminishes, 
the  i»cristaltic  action. 

F.ffect  of  direct  Electrisation  of  the  PneumogasirU  and  on  the  Respi- 
ration, — MM.  Arloing  and  Tiipier  have  shown  that  section  of  the 
pncumogastric  below  the  medulla  oblongata  so  far  modifies  its  irrita- 
bility that  the  action  of  the  heart  is  not  arrested,  or  but  for  a  short  time, 
by  the  faradization  of  the  <iistal  end  of  the  cut  pncumogastric. 

The  same  authors  believe  that  weak  faradic  currents  cause  a  slight 
increase  in  the  rapidity  of  the  beats  of  the  heart  and  elevation  of  th« 
blood-pressure  in  the  arteries. 

Tbcy  found  that  the  right  pneumogastric  has  a  more  powerful  Influ 
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ence  over  the  heart  than  the  left.  Faradizatior.  afthe  feripheral  end 
of  the  divided  pncumogastric  causes  arrest  of  ihe  action  of  the  heart, 
sudden  irregularities  of  its  rhythm,  ard  some  diminution  of  pressure. 
Faradization  of  the  central  end  causes  retarded  and  diiuinishcd  pres- 
sure. 

According  to  MM.  .-Xrloing  and  Tripier,  faiadizadon  of  tJie  mtaei 
pncumogastric  with/erW'/^cutTems  docs  not  accelerate  respiration ;  fara- 
diration  with  medium  currents  causes  sudden  inspiration  and  forced 
expiration  ;  faradization  with  strong  and  |>uwcrrtil  currents  causes  re* 
flex  coughing  and  vomiting.  The  same  observers  found  that  the  left 
pneumogastric  has  a  more  powerful  influence  over  respiration  than  the 
right 

The  discoverj-  tliat  the  right  pncumogastnc  has  a  greater  i>owcrover 
the  heart  than  the  left,  was  made  by  Masoin,  of  Ilelgium,  about  the  same 
time  as  it  was  made  by  Arloing  and  Tripier.  Masoin  found  the  move- 
ments of  the  heart  were  stopped  by  the  gal  ran  iza  lion  of  tlie  left  pneumo- 
gastric.  J I  xvas  possible  to  restore  the  movements  by  a  mechanical  ex- 
citation, such  a."  striking  the  heart  with  the  finger  ;  but  after  the  move- 
ments were  stopjied  by  galvanization  of  the  right  pneumogastric,  it  was 
uol  jmssiblc  to  restore  them  in  that  way. 

Dr.  Brown-Stquard*  states  that  he  has  found  the  same  differences  to 
exist  in  men  as  in  animals,  judging  from  experiments  made  not  by  electri* 
city,  but  by  pressing  on  the  nerves  near  the  angle  of  the  jaw. 

Arrest  0/  Respiration  by  Galvaniiatifin  0/  the  Larytxgeal  and  ttAer 
Branches  of  the  Pneumagas/rie. — It  lias  been  shown  by  Bri>wn-S<^piardf 
that  clcctriration  of  Ihe  upper  or  the  lower  lar\'ngeal  nerves  causes 
airest  of  the  respiration,  and  Riddei  has  shown  that  a  reflex  spasm  of 
the  glottis  may  be  caused  in  the  same  way.  Ktcctrization  of  the 
oesophagus  and  pharynx  nwy  sometimes  produce  the  same  effect  If 
Ihe  upper  laryngeal  nerve  is  electrized  after  the  clicst  is  opened,  the 
arrest  of  the  respiration  does  not  take  place  as  easily  as  wlien  the 
chest  is  not  open.  The  respiration,  when  thus  arrested,  usually  re- 
turns in  the  course  of  a  quarter  or  half  a  minute,  whether  the  electriza- 
tion is  continued  or  not 

The  effect  of  electrizing  the  pnciTmogastric  on  the  respiration  ii 
modified  by  two  factors — the  portion  of  the  nerve  that  is  electrized 
and  tiie  strength  of  the  current  Mild  galvanization  of  the  pncumogas- 
tric in  the  lower  part  of  the  neck  may  increase  the  respiratory  move 

*  ArtAiott  of  SeieHtift  »mt  PtMtttat  Medkime    JantiAry,  1S73,  p^  9a.. 
I  I>M.  cit,  p.  9& 
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luents ;  weak  electrization  in  tlic  upper  part  of  ihe  neck,  near  the  origin 
of  the  nen'e,  may  arrest  respiration. 

A  mild  current  niay  increase  the  respiration  or  diminish  il,  or  it  maj 
have  DO  effect  whatc%-cr. 

A  me<tium  current  may  arrest  respiration  and  cause  spasm  ot  the 
glottis  and  of  Ihc  muscles  of  inspir:ition. 

A  powerful  current  may  paralyze  the  diaphragm,  and  may  produce 
death  n'ithoul  the  accompanying  syni]itoms  of  agony.* 

Om^fiing. — A  prominent  effect  of  electrizing  the  pncumogasiric  is 
teugAing.  This  symptom  may  be  excited  by  external  as  well  as  b) 
internal  applications,  and  by  the  faradic  as  well  as  by  the  galvanic 
currcn 

We  made  our  first  experiments  in  this  direction  in  1867.  Dr.  Ruclc- 
well  then  observed  that  the  application  of  cither  pole  of  a  strong  Hitadic 
current  to  the  nape  of  the  neck — the  oihcr  pole  being  at  ilie  feet,  or  in 
cither  hauJ,  or  at  tite  pit  of  the  stoinacU — excited  in  sensitive  patients 
quite  severe  attacks  of  coughing,  that  lasted  so  long  as  the  pole  remained 
in  position.  Most  clearly  this  effect  was  seen  in  thin  and  sensitive  pa- 
tients. It  was  not  necessary  to  be  particular  in  regard  to  the  position 
of  the  pole  on  the  neck  in  order  to  excite  this  synijHom  ;  not  only  in  the 
cilio-spinal  centre,  but  even  when  the  pole  is  as  low  down  as  tlie 
first  and  second  dorsal  vcrtebrx,  the  laryngeal  branches  of  the  pneu- 
mogaslric  may  be  so  irritated  as  to  induce  coughing. 

This  phenomenon  we  daily  observed  tn  the  operation  of  general 
faracltzation.  The  same  effect  follows  the  use  of  jA^^nj- interrupted  gal- 
vanic currents. 

According  to  Donders,  the  pneumog.isiric,  when  acted  upon  by  the 
ga/zanjc  current,  conforms  to  I'ilUger's  law  of  contracrinn  ;  in  the 
region  of  anclcctrotonos  its  irritability  is  lessened  ;  in  Ihc  region  of 
catclectiolonos  its  trrltaljility  is  sometimes  increased. 

Action  of  Externa}  Applications  of  EUdridty  on  the  Pneumpgasirte 
and  Cervical  SympatJutie  of  living  uninjured  Aftn. — The  experiments 
above  recorded  were  made  chiefly  on  the  exposed  nerves  of  animals,  and 
Ihc  applications  %vcrc  made  directly  to  the  nerves  by  one  or  both  poles. 
Keeping  in  mind  the  considerations  previously  adduced,  we  proceed  lu 
examine  into  the  effect  of  external  applications  of  ctecirtcliy  on  the 
cervical  sympathetic  and  the  pnenniogastric  of  liWng  men  m  health. 

In  our  attempts  to  solve  the  problem,  we  have  experimented  on  n 

"  Artkivtt  0/ Siienfift  anj  Praetin-t  ."ifntirinft  No.  t,  1S73,  |x  9&  ViTicllio 
tbew  exjierimeots  were  pcrfonned  with  the  fju-ai^ic  ar  galvanic  current  is  not  di» 
Itectly  italcd. 
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large  variety  of  individuals  of  different  ages  and  by  different  inctliods  of 
aiiplication.  One  of  the  electrodes  is  placed  in  the  mastoid  fossa,  and 
the  oilier  over  the  seventh  cervical  vertebra,  or  at  the  top  of  the  clavicle. 
Both  directions  of  the  current  are  used.  Wc  used  in  these  cxpcrimcnij 
a  zinc  carbon,  or  the  Smec's  Imttery,  of  from  s  to  30  cells,  from  1  to  5 
or  10  miimics- 
Tlie  general  results  of  our  researches  may  be  tlius  summed  ap  : 

1.  A  slight  feeling  of  dronisinets.  This  sometimes  began  to  be  per- 
ceptible shortly  after  the  electrodes  were  applied,  increased  up  to  a 
certain  point,  and  continued  for  sonic  little  lime  aAer  the  sfanct  was 
over.  In  many  cases  it  is  noi  observed  until  the  lapse  of  five  or  ten 
minutes  after  the  stance.  The  feeling,  which  was  by  no  means  con- 
stant, was  usually  so  slight  that  it  might  not  have  been  observed,  had 
we  not  in  our  experiments  kept  closely  on  the  watch  for  every  sensa- 
tion experienced  during  or  just  after  the  application. 

Some  individuals  are  amazingly  susceptible  to  this  so]>orific  effect  of 
ga-lvanization  of  the  neck.  A  young  lady  whom  we  were  treating  for 
facial  acne  by  central  galvanization,  was  frequently  put  right  to  sleep 
within  one  minute  aSicj  the  application  began.  Her  eyes  would  close 
ai>d  her  head  would  droop  and  nod  ;  and  when  the  electrodes  were 
removed  she  would  awake  but  slowly,  and  with  a  vacant  look  and 
drowsy  feeling,  such  as  wc  all  experience  when  we  are  suddenly  roused 
from  a  nap.  This  effect  followed  any  sort  of  application  around  the 
neck  with  either  pole  and  In  any  direction. 

On  the  accepted  theory  that  a  slate  of  cerebral  anaemia  predisposes 
to  sleep,  wc  should  reason,  d  priori^  that  electrization  of  Ihe  synipa- 
thelic  ought  to  induce  a  feeling  of  drowsiness,  since  on  some  individ- 
uals it  umjuestionably  diminishes  the  current  of  blood  in  the  brain,  and 
experimentally  wc  have  found  that  it  docs  thus  induce  a  slight  and 
temporary  di^tposition  to  sleep,  although  this  result  is  probably  far  less 
m.ukcd  than  it  would  be  if,  without  injury  to  the  living  subject,  the 
application  could  be  made  directly  to  the  ganglia,  and  this  effect  is  by 
nc  means  uniform,  but  varies  with  the  strength  of  the  currents  and 
with  the  teiupcrament  of  the  individual. 

2,  A  feeling  of  warmth  through  the  system  with  sensible  persfiraticn. 
This  was  not  a  constant  symptom,  though  it  was  oftentimes  very 
du-cided.  To  produce  sensible  perspiration  usually  requires  a  strong 
current  and  a  long  application.  The  extent  to  which  this  was  felt  was 
manifestly  dependent  on  the  strengtli  of  the  current  and  the  length  of 
the  application.  It  was  usually  felt  but  a  short  time  after  the  sianct 
wu  completed.     We  have  observed  this  effect  more  frcqueody  and 
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more  niaikrdly  in  the  susceptible  and  ncn'ous  than  in  the  culO  and 
phlegmatic,  and  most  frequently  in  more  or  less  pathological  cases. 

3.  A  marked  efftit  on  (he  pulse.  The  pulse  was  sometimes  acceie- 
raled,  but  more  frequently  lowered,  two,  three,  four,  or  more  beats. 

Jn  order  to  determine  the  effects  of  electrisation  of  the  sympathetic 
on  the  pulse,  wc  made  the  examinations  imnicdialcly  before  and  imme- 
tliately  after  the  applications.  Every  precmtion  was  taken  to  avoid 
error,  by  allowing  an  interval  of  rest  before  the  sitting,  in  order  to  give 
time  for  the  subsidence  of  the  pulie  to  its  natural  condition  from  any 
excitement  that  it  may  have  received  from  the  exertion  of  walking  or 
the  labor  of  partially  disrobing.  In  cases  of  doubt  the  whole  minute 
was  counted,  in  sumc  inst.inces  several  litiies  in  succession.  A  patient 
unaccustomed  to  the  sensation  produced  by  Ihc  electric  current,  or  10 
the  moitus  operandi  of  its  employment,  might  experience  an  accelera- 
tion of  the  pulse  from  simple  mental  excirement,  not  only  prior  to  or 
at  the  commencement  of  the  sitting,  but  also  during  or  after  the  appli- 
cation. Error  from  this  cause  was  in  our  cases  manifestly  impossible, 
and  all  the  others  on  whom  we  experimented  with  a  view  to  obtain 
physiological  results  were  so  well  familiarized  to  the  medical  employ 
mcnt  of  electricity  that  they  would  receive  any  treatment  proposed 
with  cool  indifference.  In  order  still  further  to  guard  against  error,  and 
at  the  same  time  to  observe  the  continuance  or  pcrrmanency  of  the 
effect  of  the  experiments,  we  repeated,  in  some  instances,  our  exanii- 
naiions  of  the  pulse  at  intervals  of  fifteen  minutes  or  half  an  hour  after 
the  sitting  was  over. 

A  corroborative  evidence  that  these  changes  in  the  pulse  were  due 
to  the  action  of  the  current,  and  not  to  mental  excitement,  is  found  in 
the  fact  that,  aAer  an  interval  of  five,  ten,  or  fifteen  minutes,  the  pulse 
returned  to  its  original  condition. 

These  changes  in  the  time  of  the  pulse  were  also  accompanied  by 
perceptible  changes  in  its  character,  which,  if  careful  sphygmographic 
observations  had  been  made,  might  perhaps  have  been  reduced  to  some 
general  law. 

Eulerburg  and  Schmidt  found  that  when  the  positive  pole  of 
from  twenty  to  forty  of  Daniell's  elements  was  placed  at  the  manu- 
brium sterni,  and  the  negative  pole  in  the  aiiriculo-roa,xiU.Tjy  fossa, 
the  pupil  of  diat  side  was  at  first  slightly  dilated  and  afterwards  con- 
tracted. These  changes  in  the  pupil  are  by  no  means  uniform  in  thcii 
ap|>carance.  In  some  cases  they  appear  at  once  after  closing  the 
circuit,  and  in  others  after  the  lapse  of  half  a  minute  or  minute, 
ird  in  others  after   intemiptions.     These   phenomena  are   liable   to 


124 


ELECTRO-PI  I VRTOLOGY. 


nuny  variations,  acconjing  fo  [he  strength,  length,  and  locality  of  the 
a|)|>Ucalions.  If  an  electroilc  is  placed  in  the  aunctilo-maxillary  fossa 
of  each  side,  the  changes  In  the  pupil  occur  on  both  sides,  but  are  more 
marked  on  the  side  on  wliich  is  the  negative  pole.  The  same  applica- 
tion, continued  for  Rome  time  with  a  strong  current,  reduced  the  normal 
pulse  firom  4  to  16  beats  a  minute  and  the  pathological  puUe  even 
more,  diminished  lite  tension  in  the  carotid  and  vertebral  ajteries  an'l 
markedly  altered  their  sphygmographic  tracings.  The  same  observers 
found  that  galvanization  of  the  Rpine  also  diminished  the  beats  of  the 
pulse 

Effid  of  Exiirnal  EUifntati&n  through  the  netk  pn  the  Retinal 
Circutation  — In  order  to  determine  the  effect  of  external  applica- 
tions of  electricity  through  the  neck  on  the  retinal  circulation,  we  have 
made  many  experiments  with  the  aid  of  a  number  of  leading  ophthal- 
mologists. 

Tiles.*  experiments,  which  have  been  frequently  repeated  w-iih  dif- 
ferent individuals,  with  different  strengths  of  current,  and  with  different 
batteries  seeni  to  us  to  demonstrate  the  following  propositions :  • 

1.  Galvanizing  or  faradizing  the  region  of  the  cervical  sympathetic 
bas  a  marked  tempornry  influence  over  the  retinal  circiilatton.  It  may 
cause  contraction  of  the  arteries  or  dilatation  of  the  veins. 

2.  The  faradic  current  produces  precisely  the  same  effects  on  the 
retinal  circulation  as  the  galvanic,  only  more  slowly.  The  physiological 
difference  between  the  currents  in  this  respect  is  therefore  a  difference 
of  degree  and  not  of  kind. 

3.  Mild  currents  and  short  apitlications  causetl  contraction  of  lh« 
blood-vessel  of  the  retina,  while  strong  currents  and  long  applications 
caused  dilatation.  Much  seemed  to  depend  on  the  temperament  and 
eond'Hion  of  the  individual.  Uliat  would  cause  eoiitraetion  in  cne 
would  in  the  other  cause  dilatation.]  These  varying  effects  correspond 
with  clinical  experience. 

4.  M'hcn  the  patient  on  whom  the  experiment  Is  made  is  in  an 
excited  or  irritable  condition  from  any  cause,  or  from  previous  electri- 
zation, even  a  mild  current  will  sometimes  cause  dilatation  at  once, 
without  any  early  contraction. 

•  •  The  opMhalmoloetsts  who  obiervcd  the  reltna  la  these  experiments  were  Drt. 
Roovi,  llacktey,  Lcrmg,  MalthewMMi,  Prout,  aad  Ne>(ion,  to  all  of  whon  we  desire 
10  rctuii)  our  acknawledt^ents. 

f  The  cppnsile  and  coatiadictory  rcuills  obtained  liy  iliflL-icnt  cbwrvers  who  have 
■ludictl  lh«  eflectk  ofdiloral,  bromitte  of  potaaaum,  etc.,  (in  ilic  rctuuil  circoUtMm, 
wixy  be  similatly  expl.aineil. 
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5.  The  contraction  whkb  takes  place  is  sometimes  followed,  a  few 
Miinutcs  after  the  close  of  the  sianctt  by  dilatation  which  is  grcatt.f  than 
normal. 

6.  The  dilatation  which  takes  place  is  sometimes  followed  by  con 
traction  after  the  close  of  the  siatue. 

In  some  of  tlie  expefiiucnts  oo  effect  on  the  retina  could  be  detected 
Impressible  and  nervous  tenipcratiients  &eem  to  exhibit  changes  in  thf 
vascular  condition  of  the  retina  much  mare  readily  than  cold  and  phlcf 
raatic  IciuperamcDts. 

The  question  now  arises,  Whether  these  dianges  in  the  retinal  circu 
lation  were  due  to  the  effect  of  ilie  current  on  the  sympaihcLc  or  on 
the  pneumogistric,  or  did  they  take  jilacc  tlirough  liie  spinal  cord  or 
by  reflex  action? 

This  question  is  answered  by  comparing  the  results  of  these  expeii- 
ments  with  the  result  of  exiJeriiuenis  made  by  i)uchenne  and  Prof. 
I>€igeois,  of  Paris.  These  gentlemen  laid  bare  the  cervical  'si-nipatlielic 
in  a  rabbit,  and  electrized  it  willi  bnlli  currents  in  the  same  manner 
that  K'e  clcclri/.ed  the  necks  of  the  individuaLi  on  whom  wc  experimented 
The  results  on  the  circulation  in  ihe  rabbit's  ear  were  Jn  every  distinc- 
tive feature  identical  with  the  results  on  the  retina  when  the  galvanic 
current  was  jxissed  through  the  neck  of  the  living  Imnian  subject. 

The  other  effects  of  galvanizing  the  region  of  the  cervical  sympathetic 
— disposition  to  sleep,  sweating,  increased  circulation  in  tlic  extremities, 
etc. — seem  to  confirm  these  physiological  observations. 

These  experiments  have  been  partially  confirmed  by  Oniiuui,  wlio 
has  &I1OW11  that  the  circulation  uf  the  rclitii  iiKiy  be  induenced  by 
galvanization  of  the  cervical  sjinpathctic  Kc  observed  hypera'aiia, 
but  this,  as  wc  have  ^own,  is  not  a  constant  effect. 

Experimaiis  xoiik  the  Sphygmograph. — We  have  made  experiments 
with  die  sphygmograph,  with  the  ajssistauce  of  Dr.  L.  De  Forest  Wood- 

For  assistance  in  the  study  of  sphygmography  we  are  under  sb^igaiioni 
to  Dr.  Rogers.  Tracy.  A  few  samples  uf  the  observauons  aje  repre- 
sented in  tlie  cuts. 


Vo.  %. — NusmI  |iul*a. 


JIOi,  ■.— Afta  five  minUKa   s^OwiuUiQII  of  the  >)-nipathc4k. 
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No.  ).— Aim  toi  DuiMiu*'  pil>wiiu(i«n  u(  tlw  tyn^ilmib 


Ha>  ».— nir«  (UDBHs  ^ur  tk«  dea*  af  iba  »iu<a  U  gtlvtaiixooa  «(  Um  tpnpalbMlft 


N<a.  s-— AQa  Am  Buauttf'  Cmdcmion  ot«yBpwh«tM 


N(h  A.^-Aica  nioe  niiiuics'  firaf^Jritinfi  of  iy3buth<ci& 


JVAJ\JWv,jvjva-JVjvjv>. 


N».T— 


r.n'  Lrulintii>n  of  •y)iip»cheli& 


Ntt.  ■.— AlMt  UM«a  nuouici'  ffcaoal  bnKlimiaa, 


No.  t'~'F^*v  muiuln  after  doM  of  t^iaoc  otgeofenl  (andittboh 

From  these  expcritnents  we  derive  tlie  fallowing  conclusions: 
I.  Both    currents — faradic   and  galvanic — when  applied  in  sticli   i 
way  as  to  traverse  the  region  of  the  neck  in  wliich  tlie  pncumogasiric 
and  cervical  ganglia  of  the  sympathetic  are  situated,  markedly  afTcci 
the  pulse. 

t.  The  etTect  is  chiefly  shown  in  abruptness  of  the  systole,  and  in 
abruptness  of  the  diastole,  and  in  shortening  of  flie  interval  between 
the  cardiac  impulse  and  the  arterial  iminilse.  In  general  it  may  be 
said  that  the  force  of  the  pulse  is  increased.  Its  rapidity  luay  be 
either  increased  or  diminished,  accordiing  to  the  length  of  the  appli* 
cation  and  the  strength  of  the  current,  and  analogy  would  lead  ut 


i 


EXPERIMENTS   WITH  THE  SPHyCMOGRAPH. 


127 


to  believe  that  the  effect  niii&t  wiJcly  vary  with  the  individual.  The 
arterial  impuUe  increased  (irobably  from  the  cH'ect  on  the  vasu-motor 
nerves. 

3.  The  effect  of  general  faradwation  was  lo  prolong  the  systole  and 
ilic  interval  between  the  cardiac  and  the  artenal  iiupulse.  The  abrupt- 
ness, and  the  systule  that  is  so  iiiarkird  during  and  after  faradization 
through  the  neck,  was  not  observed  after  general  faradization.  A  ca1m< 
iog,  soporific  inBuence  is  very  frequently  produced  by  general  faradi- 
zation, and  the  effect  on  the  puUe  harmonizes  with  this  oljservation. 

4.  These  effects  on  the  pulse  gradually  pass  away,  but  arc  distinctly 
traceable  for  a  number  of  minutes  after  the  electrodes  are  removed. 

The  cff(:ct  of  the  current  thus  applied  on  the  circulation  is  probably 
a  complex  resultant  of  the  effect  of  the  electricity  on  the  pncutnogas- 
iric,  the  sympathetic,  the  depressor,  and  the  spinal  cord.  To  differen- 
tiate these  effects  is  manifestly  impossible. 

In  this  connection  are  to  be  noted  the  later  investigations  of  Dr. 
Fischer,*  of  Munich,  on  the  effects  of  electrization  of  the  sympathetic. 
He  expcrintenicd  on  horses  and  cats,  irritating  the  nerve  directly^  with 
tl»e  twofuUI  object  of  studying  the  bluodlensiun  in  die  ceiebral  vessels 
and  the  changes  in  the  size  of  the  pupil.  The  general  results  of  these 
ctTorts  con6rm  observations  previously  made,  and  especially  our  state- 
ment as  to  the  impossibility  of  accnratcly  localizing  currents  in  any 
ganglia  by  simple  external  applications.  Dtrfct  faradization  of  the 
sympathetic  increased  the  blood -pressure  and  tension  of  the  artery,  and 
increased  the  frequency  of  the  pul&e.  The  same  jAenomcna  were  ob- 
served under  galvanisation,  tut  in  a  less  degree.  Faradiiaiion  of  the 
exposed  synn>athetic  caused  very  marked  reactions  in  the  pupil,  while 
galvanization  of  the  nerve  produced  comparaiivL-ly  UitW  effect.  VVhen, 
however,  the  sympalhclic  and  vagus  were  sintuUancously  submitted  lo 
the  influence  of  galvanism  die  reactions  of  the  pupils  were  very 
marked.  Sinmluneous  faradization,  however,  was  followed  by  no 
alterations. 

•  StkmiJtt  Jakrii<ktr.    No.  4. 
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CHAPTER  VI. 
AcnoM  or  eLECTiucrrY  ox  the  nerves  of  special  sinsx. 

Action  of  tht  Galvanic  Current  en  the  Optic  Nerve. — ^Thc  galvanic 
currviit,  wlicii  apiilied  to  the  eye,  causes  \io\!(\  fiashes  of  H^ht  and  per- 
ceptien  pf  color. 

\{  one  electrode  is  placed  on  die  tongue,  or  on  any  part  of  the 
ntucoua  surface  of  the  month  or  nose,  and  the  other  on  any  jkarl  of 
the  suHiice  of  the  body,  the  flash  is  readily  perceived. 

The  diaxacier  of  llie&e  flasiies  is  variuusly  modified  by  the  strength 
of  the  current  and  the  suddenness  of  the  interruption.  The  tem|>cra. 
nient  of  the  patient  ali^o  modifies  the  reactioti,  and  the  etfecl  of  the  two 
poles  is  usually  quite  ditfcreiu. 

We  have  studied  this  subject  with  various  strengths  of  current,  and  on 
subjects  of  both  sexes  differing  widely  in  age  and  tetiipcroJiicnt. 

In  one  subject — a  young  man  of  nervous  temperament — the  positive 
pole  placed  over  the  eye,  with  a  niedimn  current  from  ten  zinc-carbon 
cells,  caused  a  white  central  spot,  witli  a.  light  areola.  The  wliiie 
central  spot  varied  in  shaL>c  between  that  of  a  quarter  or  half  to  a  full 
moon.  When  the  negative  pole  was  placed  over  the  eye,  the  central 
sjiot  appeared  of  a  bluish  or  purplish  color,  and  the  areola  was  the  same 
as  under  the  positive  pole.  In  both  ca:se&  the  areola  seemed  to  consi:it 
ofwavos  of  light  radiating  from  the  centre  toward  ihc  periphery. 

In  making  tliesecxpcnmems,  the  pole  tliai  is  placed  over  the  eye  ia 
armed  with  a  soft  sponge,  and  Is  pressed  5nnly  on  the  closed  lid,  while 
the  other  is  applied  at  the  back  of  the  neck,  or  Is  held  in  the  hand  of 
(he  subject. 

In  another  subject,  a  young  physician  of  good  beaUh,  and  nervo- 
sanguine  temperament,  the  positive  pole  from  a  current  of  six  cells  caused 
a  central  disk  of  a  pink  color,  and  from  this  spot  violet  waves. radialed 
through  the  areola.  The  pink  disk  ap[warcd  when  the  current  waa 
closet],  the  violet  areola,  flaslied  out  when  the  current  was  broken.  The 
negative  pole  produced  reactions  every  way  similai.  This  subject 
could  not  bear  very  strong  currents. 
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Seren]  odier  phyiiciins  on  whom  we  tx\ienmcnte^  could  not  dia 

any  central  dUk,  but  all  could  readily  set  the  light  arcolx 
The  condusaoas  from  the  above,  and  nuoieroas  similar  expcrimenU 
madt:  in  diffcfeot  iodiyiduals,  are  as  foHows  : 

1.  A  mild  as  frell  as  a  stroog  galvanic  current  applied  10  the  c)*e,  and 
intemtptcd,  caoses  a  flash  or  gltmnier  of  light  to  ap|>ear. 

3.  A  mediuni  or  strong  galvanic  current  causes,  in  addition   to  the 
lUsh  of  light,  a  distinct  cctiiral  spot  of  TnT)ing  sha|)c,  and  both  the 
;ntral  tpot  and  the  areola  may  be  ol  various  colors,  as  piuk,  puqile, 
:llotrtih,  and  violet 

3.  VHtfa  some  individuals,  though  not  with  all,  the  colors  of  the  centra! 
9|M>t  and  of  the  areola,  and  their  relative  arrangeineiu,  api^ar  dif- 
ferendy  under  the  two  jioles,  and  aUo  ditterenity  at  the  dosing  and 
opemog  of  the  circuit. 

4.  All  those  reactions,  like  all  other  electrophysiological  reactions, 
are  variously  modified  by  the  lcni)>eramcnt  of  the  indivtdtial  otieraicd  on 
and  by  the  strength  of  the  current. 

The  above  conclusions,  as  will  be  seen,  differ  somewhat  front  those 
of  Ilelmholtr  and  others  who  have  studied  thii  subject.  The  dilTer- 
enlial  action  of  the  ascending  and  descending  currents  we  have  not 
been  able  to  demonstrate,  and  see  no  way  of  demonstrating.  We  be- 
lieve that  here,  as  in  so  many  other  electraphj'siological  and  electro- 
ihcrai»coticaI  procedures,  the  differential  polar  action  has  been  coi>- 
founded  with  the  difTercntial  action  of  the  ascending  and  descending 
currents. 

Although  the  above  reactions  in  their  full  degree  can  be  most  con- 
veniently obtained  by  placing  one  electrode  over  the  closed  eye,  and 
the  other  in  the  hand  or  at  the  back  of  the  neck,  yet  the  general  re- 
action of  the  glimmering  Qa&h  of  light  can  be  obtained  by  placing  one 
electrode  in  the  vidnity  of  (Ue  eye,  or  on  any  part  of  tlic  face  or  beard, 
or  ill  the  moutli.  In  susceiitible  persons  the  flash  comes  from  inter- 
rupted galvanization  of  the  neck  or  spine. 

Faradic  Current. — The  current  from  the  prijnary  or  secondary  cal 
of  the  ordinary  faraclic  machines  has  little  or  no  perceptible  effect  nn 
Uie  retina,  as  we  have  demonstrated  by  various  experiments.  We 
have  found,  however,  by  repeated  observations,  tliat  tlic  cTirrcnt  from 
the  tfitig  coils  of  the  eleclro-inagiietic  machine  manufactured  by  Kidder 
has  a  most  decided  action  on  the  retina.  The  pcailiar  construction  of 
the  coil  of  this  machine  will  be  described  in  the  chapter  devoted  to 
apparatus  for  electro-therapeutics.  It  is  sufficient  here  to  say  ihat  it  ii 
composed  of  three  or  foiu  or  more  coils  of  insulated  copper-wire,  the 
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inward  coil  being  sttorL  and  thick,  and  the  others  gradually  increasing 
in  the  length  of  the  wires.  These  coils  are  not  separate  and  distiact,  as 
in  ordinary  machines,  but  connected,  and  arc,  so  to  speak,  tafpfiia  the 
points  of  union,  so  as  to  obtain  a  number  of  currents  varying  in 
quantity,  tension,  and  physiological  power.  It  is  from  the  fourth  and 
Jiflh  coik,  which  arc  not  ftirnishctl  to  ihe  majorily  of  his  smaller  machines, 
that  we  obtain  the  reaction  of  the  retina  tliat  we  arc  now  to  describe. 
The  reaction  U  best  obtained  by  placing  a  medium-sized  sponge 
electrode,  well  moistened,  over  the  closed  eye,  or  very  near  to  the  eye, 
while  the  other  electrode  is  held  in  the  hand  or  applied  to  some 
Indifferent  point,  as  the  back  of  the  neck,  or  anns,  or  feet.  With  a 
cuncnt  of  moderate  strength  thus  appbed,  a  circle  filled  with  wavy, 
undulating  light,  or  whitish  spots  or  figures,  appears.  It  ia  difficult  to 
convey  in  language  a  ]>recise  description  of  this  appearance.  If  snow 
flakes  could  be  elongated  somewhat,  and  made  to  coil  about  in  various 
directions,  they  would  give  a  good  ijea  of  this  reaction.  If  we  lool; 
through  a  window  at  a  thick,  driving  snow-siorm,  with  large  flakes,  wc 
can  get  a  not  very  incorrect  notion  of  the  reacdcn,  as  we  have  ovei 
and  over  again  demonstrated  on  ourselves  and  othcr$.  So  far  as  wc 
have  been  able  to  see,  bright  or  variegated  colors  do  not  appear,  except 
from  the  current  of  thcyf/'M  coil.  'l"he  negative  pole  gives  a  strorgei 
reaction  than  the  pui^itivc  ;  but  not  appreciably  different  in  diaractcr. 
This  reaction  of  the  roiirlh  coil  of  this  machine  is  utterly  imlikc  that 
which  is  obtained  from  either  pole  of  the  galvanic  current.  This  effecl 
has  long  been  shon^]  by  the  inventor  of  lliis  machine,  and  has  been 
illustrated  by  him.  We  were  induced  to  question  his  assertions  until 
we  had  first  made  experiments  of  our  own  with  the  dificrent  cotls  of 
llie  machine. 

The  Effect  of  Electrical  Irritation  compared  with  Mechtinical  Irrita- 
tion of  the  Eye. — Ii  is  interesting  to  compare  the  reaction  produced 
by  the  galvanic  and  faradic  currents  on  the  retina  to  the  effects  of 
mechanical  irritation.  Wc  have  found  by  exjtcrimcnt  on  ourselves 
that  rubbing  the  eyes  wlien  closed,  or  partially  closed,  causes  various 
and  oftentimes  beautiful  appcaiances.  Very  frequently  a  central  s|iot 
will  appear,  varying  in  shape  and  color,  and  changing  in  shape  and 
color  during  the  irritation.  All  conceivable  shapes,  and  every  grade 
of  color,  we  have  seen  in  iliis  way  over  and  ever  repeated  ;  sometimes 
a  mere  circle  of  light  shading  off  into  darkness,  and  again  a  deliuite  and 
well-formed  object,  brilliant  in  color,  standing  furth  clear  and  beautiful 
against  the  dark  background.  Forms  resembling  a  bouquet  of  Hon-ers, 
or  a  clu&ter  of  stars,  or  various  shapes  of  crystals,  appear  with  such 
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vimlness  that  we  luve  to  prolong  the  experinicnt.  Simp  e  pressure  oa 
rtic  side  of  the  eyeball  will  cause  reactions  somewhat  similar  in  kind 
(though  less  in  degree)  to  those  produced  by  the  faradic  current. 

These  reactions,  however,  are  not  constant;  tliey  vary  greatly  with 
the  individual,  and  with  the  same  individual  at  difTerent  times.  In 
order  to  obtain  the  most  beautiful  api>carances,  it  is  necessary  to  first 
look  for  a  nwment  on  bright  light,  or  to  have  the  eyes  open  in  the  full 
sunlight.  It  would  seem  that  the  retina  must  first  become  sensitive, 
by  exposure  lo  strong  light,  before  the  reactions  can  appear  in  their  full 
extent 

Action  of  EUetrUily  on  the  Auditory  Nen-e  ;  Action  of  the  FaraHic 
Curr^nt.—TYtc  faradic  current,  when  applied  to  the  car,  or  in  the 
vicinity  of  the  car,  causes  a  ringing,  or  humming,  or  mmbling  sound, 
according  to  the  method  of  application  and  the  strength  of  the  current. 
ITiese    sounds  are  due,  in   part,  to  the  susiirri   of  the  muscles. 

Action  of  the  Galvanic  Current, — ^To  the  galvanic  current  the  audi- 
tory reacts  by  certain  fixed  laws. 

This  normal  formula  is  as  follows : 

K.a  S  KU  distinct  accented  sound. 

Ka  D  Kl  >,  sound  disappearing  by  degrees. 

Ka  O  — ,  no  sensation  of  sound. 

An  S  -.  "  " 

An  D  -,  «  " 

An  O  Kl,  weak  and  short  sound,  similar  in  character  to  Ka  S. 

In  the  above  formula,  Ka  =  Kathode  (negative  pole),  An  ^  Anode 
([lositive  i>ole),  S  =  dosing  (schliesung),  O  =  opening  (ocflnung),  D 
-=  duration  of  current. 

Pf  =  whistling  sound. 

Kl  =  ringing       " 

Z  =  hissing  " 

The  sensations  with  Ka  S  ajipcar  sooner  and  stronger  than  with 
An  O. 

This  formula,  it  will  be  observed,  hannonizes  with  the  law  of  elec- 
trotonos  (seep,  toi),  and  PflUgcr's  contraction  law — that  "a  nen-e  is 
stimulated  by  the  appearance  of  catelectrotonos  and  the  disappearance  of 
aneleetrotonoi  ;  not,  houfCi>er,  by  the  disappearance  of  eatetectrotonos  and 
the  appearance  of  anetectroionos.     (See  p.  104I. 

Although  the  character  of  sounds  varies  with  the  strength  and  contin* 
uance  of  the  current  and  with  the  Individual,  yet  in  the  healthy  ear  the 
poi<^  effects  never  vary. 
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There  is  never  any  sensation  of  sound  with  the  fhsitig  of  the  amutt 
(An  S),  ex(  ^i^t  in  pathological  conditions. 

Thz  polar  effect  is  therefore  the  leading  effect,  and  the  direction  oi 
the  current  through  the  auditory  nerve  ajipears  to  have  no  demonstro^ 
ble  influence. 

The  use  of  the  rheostat  and  the  changes  in  the  reactions  that  are 
made  by  inlerjiosing  the  various  grades  of  resistances  in  the  circuit  are 
represented  in  the  following  experiments  of  Brenner  :  • 

The  experiment  was  performed  on  a  healthy  ear  that  had  been  cured 
a  short  lime  before  of  a  catarrh  of  the  middle  ear.  The  number  of 
elements  is  in  Roman,  the  number  of  resistances  in  Arabic. 


XX  i»-8o  gave  no  reaction. 
XX  90-130  KaS — Buzzing  of  flies 
very  short. 

KaD 

KaO 

AnS   

An  D 

AnO 

XX  130-1 70  Ka  S — Stronger  buzz- 
ing. 

Ka  D — Same. 

KaO 

AnS  

AnD- 

AnO 

SX  180-250  Ka  S~Distant  nmi- 
bling  of  wag- 
ons. 

Ka  D — Same. 

KaO  

AnS  

An  D 

An  O — ^Buzzing  of 
flies. 


ol 


ot 


XX  260-400  Ka  S — Rnmbling 
cannon. 
Ka  D— Same  > 

KaO 

AnS  

AoD 

An  O — Rumbling 
wagons. 
XX4'o-S5oKa  S — Strikingofme. 
tallic  plate. 
Ka  D— Same  > 

KaO 

AnS  

An  D 

An  0 — Rumbling. 
XX  560-     Ka  S— Shar])  ring  like 
a  silver  table 
bell. 
Ka  D— Same  > 

KaO 

AnS  

An  D  

An  O — Weaker  anrf 
sliorter  ring 
ing. 

Erb  t  gives  the  following  result  of  experiments  on  himself: 


*  Op.  ctt.,  Ooni]  I,  pi  105. 

f  Arckiv  Ofihtkatmchgy  uad  Oifileg. 


Vol  I.  No.  1.  p.  »46. 
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>3J 


to  £]  Ka  S  KI 

8  and  6  £1  Ka  S  K] 

KaD  KJ  > 

Ka  U 

K»0 

KaO 

AnS  

AnS  

AnD 

An  D 

An  OKI 

AnO 

On  another  patient,*  50  years  of  age,  he  obtained  the  followng  10- 
ACtion  with  accoiiipanyiog  syniptoiiis  of  pain  and  facial  contortions : 

8  £1  Ka  S — Clear  vhlstling,  stinging  pain  and  faciaJ  contortiona. 
Ka  D — Clradually  disappeared. 
Ka  O — No  sensation. 
An  S — Violent  pain. 
An  D — Fain  remains. 

An  O — Short  and  weak  whistling ;  slight  facial  convulsions  wiih 
10  £1 ;  the  same  formula  gave  still  louder  sensations 
of  sound,  but  the  accompanying  pain  was  very  severe. 

Brenner  f  gives  the  following  reaction  in  a  healthy  man  : 

Saini  parimi  tttaMd  by  a  Mrancer  currvHt. 
Ka  S — Sharp  ringing. 
Ka  D—    '•         " 

KaO 

AS      

AD     [ing. 


Ka  S — Rumbling  of  cannon. 
Ka  D—        "  " 

KaO 

AS      

AD     

AO — Ruubling  of  vragons. 


AO — WcaJccr  and  shorter  ring- 


The  variations  of  the  tone  with  the  difference  of  the  current  are  rep- 
resented in  the  following  cx|)crinienC  of  Brenner :  ( 

With  Anode  openinjt.    (An  0.1 
XX    30  A  O  K. 


Wiifa  iho  Caebode  ttutiag. 

XX    10  Ka  S  K. 


20  Ka  S  K. 
30  Ka  S  K. 
40  Ka  S  K'. 
SO  Ka  S  K'. 
60  Ka  S  K'. 
70  Ka  S  K". 
80  Ka  S  K". 


40  A  O  K. 
50  A  O  K. 
60  AO  K. 
70  A  O  K. 
80  A  O  K'. 
90  A  O  K'. 
100  A  K'. 


T^^e  R€(utions  productd  directly  and  not  by  Reflex  Action  — We 


*  Lac  dt.,  p.  35a 


\  Op.  ciL,  Band  I,  p.  tO&. 


%  Loc  cEt.,  p.  no 
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tbarouglily  agree  with  Brenner  and  £rb  that  these  reaciions  of  the  audi 
loryucrve  are  obtained  by  the  direct  action  of  the  current  on  ttie  nerve, 
and  not  by  reflex  action  through  ihe  trigeminus.  This  view  is  proved 
by  the  general  fact  of  the  conductibiltty  of  the  tissues  of  the  brain  (see 
chapter  on  that  subject),  by  the  fact  that  even  when  the  trigeminus  is 
rarjilyzcd  tlie  reaction  may  yet  occur,*  and  by  the  fact  that  when  the 
electrode  is  placed  iu  a  conditiuu  favorable  for  the  entrance  of  tlie 
current  into  the  ear,  the  reaction  is  more  decided  than  when  the  elec- 
trode is  placed  in  a  condition  favorable  for  the  excitement  of  the  trige- 
minus, but  unfavorable  for  the  direct  entrance  uf  the  current,  as  has 
been  conclusively  shown  by  Erbf  and  by  o\irsclvcs.J  Wc  have  removed 
Ihe  pole  from  the  tragus  to  the  malar  bone  and  ihe  cheek,  both  of  whiek 
toints  are  highly  favorable  for  the  excitation  of  the  trigeminus,  and 
lia-t-e  found  thai  with  vemavai  the  reaction  diminished  or  d'uappeartd. 

In  order  to  obtain  that  normal  formula,  the  following  conditions  are 
necessary  : — 

1.  Convenient galfOiiic  apparatus. 

A  very  powerful  ga;vanic  battery  is  not  needed.  The  range  of  ele- 
ments to  which  the  auditor)*  nerve  sensibly  reacts  is  between  a  to  30.  In 
some  cases  quite  strong  currents  are  necessary.  The  galvanic  batteries 
and  electrodes  described  In  this  work  are  adapted  for  these  investiga- 
tions. There  should  be  a  current  revcrser;  and  a  rheostat,  though  not 
exactly  indispensable,  is  yet  very  convenient. 

2.  A  right  method  of  application,  and  practice  in  using  it. 

On  the  whole,  the  best  method  of  ap[)Iication  to  produce  these  kac- 
lions  h  the  external  arrangement,  in  wliich  one  pole  is  firndy  pressed 
on  the  tragus  (the  car  external  auditory  canal  having  been  previously 
filled  with  warm  salt  water),  while  the  other  is  held  in  or  fastened  on 
the  hand  on  the  opiJositc  side.  Any  convenient  electrodes  may  be 
used  for  these  pivposes.  So  long  as  the  pule  whose  s|>ccific  effect  we 
desire  to  produce  is  on  the  rii;hl  i>Uce  in  the  car  or  on  the  tragus,  the 
position  of  the  other  electrode  is  not  absolutely  essential,  provided  tt 
is  somewhere  en  the  opposite  side,  so  as  to  allow  the  airrent  to  past 
through  the  auditory  nen'e.  It  is  dilficuli  or  impossible  to  gel  the 
reaction  while  tlie  pole  is  on  the  mastoid  process  of  the  same  side.     Il 

*  Vide  Moos'  caae,  above  quoted  in  Ardiiv  Ophlh.  unJ  OtoL,  vol.  i ,  No.  3,  p^ 
48J. 

(  Archi"  Opiilh.  ai»J  Otoi.,  vol.  i..  No.  1.,  p.  i&i  ct  w]. 

I  For  a  itelailal  dUcusuoD  of  thiE  sibjetc,  see  Itrenncr'i  wurk,  BbdiI  i.,  |  Abtb  , 
p.  94,  el  wq 
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has  been  shown  that  when  both  poles  are  placed  in  the  auditory  canal, 
by  meai\$  of  a  double  electrode,  the  auditory  nerve  reacts  to  the  nearer 
pole. 

A  number  of  inltlHgent  and  practised  patienis  tvilk  both  healik\  and 
diseased  ears. 

The  advantages  of  intelligence  on  the  part  of  a  patient  are  obvious  ; 
just  as  in  investigating  electro-muscular  sensibility,  it  is  necessary  to 
depend  entirely  on  the  statements  of  the  patient  for  our  information. 
Kvcn  the  strong-minded  and  intelligent  are  soniciimes  so  distressed  by 
the  pain  produced  by  the  applications,  or  so  distracted  by  the  sensa- 
tions of  dissiness,  and  llie  eoritraciwns  of  the  facial  muscles,  tliat  they 
arc  unable  to  rightly  interpret  their  subjective  sensations  in  the  car. 
It  is  necessary  that  the  experiments  should  be  made  on  a  number  of 
patients,  in  order  to  obtain  the  variety  of  reactions  above  described. 

It  is  best  also  to  make  the  im^t  experiment  un  [taticnts  who  have 
diseased  cars  for  it  is  as  true  of  the  auditory  as  of  the  nasal  passagci 
that  they  sometimes  become  less  sensitive  when  diseased.  This  ts  to 
be  explained  partly  by  the  man iinilat ions  and  ireatment  to  which  such 
patients  become  accustomed,  and  partly  by  the  fact  that  the  morbid 
process  itself  produces  callousness  of  the  parts. 

The  operator  should  proceed  calmly  and  with  self-command.  After 
the  patient  is  in  position,  with  his  head  inclined  on  the  back  of  the 
chair  or  lounge,  and  one  of  the  electrodes  fastened  to  or  held  in  the 
hand  opposite  the  ear  to  be  experimented  on,  a  little  warm  salt  water 
shoidd  be  dropped  in  (which  can  be  very  conveniently  done  by  squeez- 
ing the  small  quantity  necessary  to  fill  the  external  auditory  canal  from 
a  small  sponge  or  from  a  teaspoon  or  funnel.sha](L-d  glass  •)  and  the 
other  electrode  firmly  pressed  on  the  tragus.  It  is  well  to  begin  with 
a  smalt  number  of  elements,  and  gradually  increase  until  a  reaction  is 
obtainwi.  The  rcartiun  will  usually  appear  when  the  current  is  strong 
enough  to  produce  contractions  of  the  facial  muscles.  The  patient 
should  all  the  time  be  continually  and  repeatedly  questioned  in  regard 
to  [he  sensadons  experienced,  especially  if  he  is  unaccustomed  to  the 
tieatmeni,  for  at  first  he  may  be  so  distracted  hy  the  flashes  of  light 
before  the  eyes,  the  contractions  of  the  facial  muscles,  the  nausea,  the 
metallic  taste,  and  the  noise  of  the  water  in  the  ear,  and  especially  by 
\\\c  pain,  that  he  may  be  unable  at  first  to  distinguisli  the  true  character 
of  the  reacdon. 


*  |i  Is  well  to  place  a  lowd  about  the  neck,  just    a3  when  syringing  tbs  ear,  h 
I  to  aii-oid  wtltiitg  die  colloi  <  r  other  ctolfaini;  of  the  pntienL 
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if  the  baltrry  is  provided  with  a  commutaior,  fur  incieasing  aad 
diniim&liin^  the  number  of  elemenrs  brought  into  requisition,  a  current 
ret'crser  for  changing  the  direction  of  the  current  without  removing  the 
poles,  aiid  a  rhtoitat  for  introdudng  resUtamts  into  the  circuit,  the 
labor  of  the  oiieraior  will  be  materially  lightened ;  bnt  neh  appliances 
are  not  intUspensabU. 

The  o]R-raior  should  remember  that  the  reactions  are  modified  by  the 
experiment  itself,  (a.)  Ka.S  is  most  effectual  after  An-S.  Therefore 
the  use  of  veltaic  ailernatives  is  of  service. 

ip.')  The  cxcitabilit>'  of  tlie  nerve  is  increased  by  long  closure  of  cath- 
ode (Ka.S.). 

(«*.}  The  exciictnent  of  An.O.  incrca^  with  the  strength  of  the  cur- 
rent and  the  length  of  closure. 

It  should  be  remembered  alao  that  Ka.5.  is  stronger  and  quicker 
than  An.O. 

Judging  from  our  own  researches  in  this  department  these  three  lead- 
ing statements  of  Brenner — that  the  auditorj-  nerve  reacts  to  the  nearest 
etccTrode  in  a  regular  manner,  that  in  health  sounds  of  iiouie  kind  are 
[voduccd  at  tlic  closing  and  in  the  duration  of  the  cathode,  and  lliat  in 
pathotogicnl  cases  a  [lart  of  the  normal  formula  is  more  or  less  changed 
— are  capable  of  sufficient  and  easy  demonstration  to  those  who  are 
thoroughly  familiar  with  ricctro-thctrapeiitical  cxpenmciitatioii. 

On  the  other  hand,  some  of  the  special  features  of  Brenner's  system 
offer  difficulties  in  the  way  of  their  successful  and  uniform  demonstra- 
tion  that  can  only  be  overcome  by  careful  practice  in  this  special  de- 
partment To  catch  thi.*  sounds  which  in  hcaltli  are  heard  at  the  open- 
ing of  the  anode ;  to  distinguish  between  the  noise  caused  by  the  agita- 
tion of  the  water  in  the  ear,  and  the  subjective  sounds  that  are  so  &e- 
quently  the  symptoms  of  disease  of  the  auditory  apparatus  and  the  genu- 
ine reaction  of  the  auditory  nerve ;  to  obtain  the  c&mpUte  normal 
formula  in  health,  and  to  satisfactorily  discriminate  between  the  various 
abnormal  reactions  of  disease — the  first  attempt  to  fully  corroborate  all 
the  assertions  in  these  particulars  will  usually  result  in  'complete  or  par- 
tial failure,  especially  to  those  who  are  unfamiliar  with  the  use  uf  gal- 
vanic  apparatus. 

Degrees  of  /rri/a^i/i/y.—KTenneT  distinguishes  three  different  de- 
grees of  irritability  of  ihc  auditory  nerve,  according  to  the  number  of 
elements  that  it  takes  to  excite  the  reaction.  The  degrees  of  irritabilily 
may  be  changed  during  the  sitting  by  the  effect  of  the  current  on  the 
nerve,  and  especially  by  the  voltaic  alternatives. 

Itius.  if  at  the  beginning  of  the  sit  ing  the  nerve  reacted  to  )6  elc» 
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nents,  but  to  no  number  less  than  that,  these  lO  elements  would  repre 
sent  (he  primari-  irritahUtty  of  that  nen'c. 

If  by  **iirious  alternaiions  of  the  current  the  nerve  is  brought  into  a 
condition  ihat  it  reacts  to  13  elenicnts,  these  is  elements  represent  the 
ttfomiary  irrtlahility  of  that  nerve. 

\U  by  still  further  excitation,  the  nerve  is  made  to  react  to  10  ele- 
ments, ihesc  to  elemcnls  represent  the  ta'iiary  exeitahility  of  that  nerve. 

In  opposition  to  the  above  conclusions  Dr.  Wrcdcii,  of  St.  Peters- 
burg, has  made  a  number  of  experiments  which  seem  to  hini  to  establish 
thai  the  sounds  heard  during  galvanization  of  the  ear  are  due  not  to 
the  reaction  of  the  auditory  ner\*c,  but  to  the  contraeiion  of  Ihe  smail 
mttscUi  0/  the  midJU  tar.  In  his  cxi>ennicnts  he  electrized  the  Eusta- 
chian tube,  through  the  catheter,  and  also  the  middle  ear,  by  means  of 
small,  delicate,  and  finely  graduated  sounds  insulated  to  their  points. 
He  believes  that  by  this  method  he  causes  contraction  of  the  ttnsor 
tympam  and  of  (he  itttjxdiuty  through  irritation  of  the  filth  and  seventh 
nerves..* 

VVrcdcn  asserts  tnai  during  electrization  by  these  methods  the  mcm- 
brana  t)'nii>aiii  is  retracted,  and  believes  that  this  retraction  is  caused 
by  the  contraction  of  the  muscles.  This,  however,  has  been  denied  by 
Poortcn.  To  settle  this  question,  IxSwenberg  devised  a  manaitifter, 
which  consists  in  a  bit  of  cork  or  rubber  fitted  into  the  extcrn.il  meatus 
hermetically,  and  receiving  hermetically  a  capillary  glas.^)  tube  whlcli 
contains  a  drop  of  colored  li(|itiil.  The  external  meatus  is  filled  with 
water,  which  is  connected  with  one  of  the  poles  of  a  faradic  machine, 
while  the  otlier  is  applied  to  the  skin  by  a  sponge  or  through  the  Eusta- 
chian tube.  \Vhen  the  membrana  tyiiipani  is  retracted  by  the  action 
of  the  current,  the  drop  of  colored  water  indicates  this  retraction  by 
falling,  when  it  is  pushed  outward,  by  rising. 

Admitting  to  the  full  all  that  has  been  claimed  hy  Wreden  and  I^n 
enberg,  we  do  not  sec  that  it  proves  that  the  supposed  complex  reac- 
tions of  ihe  auditory  nerve  to  electricity  are  nothing  more  than  muscu- 
lar contractions.  Admitting  that  in  some  cases  where  the  membrana 
tympant  is  gone,  the  reactions  are  not  obtained,  still  the  following  con- 
siderations are,  to  onr  mind,  convincing : 

I.  The  reactions  of  the  galvanic  current,  when  applied  to  the  ear,  are 
frequently  Muiilar  to  some  of  the  sounds  of  tinnitus  aurium.  Ihey  are 
•omctimes  so  much  alike  that  they  cannot  be  distinguished. 

*  A  thani  of  this  sat^ect  b  presenled  in  Dr.  Roasa's  work  on  Dktam  0/  tht 
*^.  PT.  493-495- 
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9  The  differentia]  ]x>lar  effects  of  the  galvanic  c  irrent  on  the  ear 
wnich  arc  very  easy  of  demonstralion,  cannot  be  explained  by  any 
theory  of  muscular  contraction. 

3.  Some  of  the  reactions  are  produced  by  the  stra/fy  action  of  the 
galvanic  current,  without  any  inlt-rruption,  and  with  a  strength  not  suffi- 
cient to  pro<iuce  niuscutar  contraction ;  while  it  is  true  tliat  certain 
reactions  in  some  cases  require  strong  and  interrupted  currents,  it  is  not 
true  of  all  of  them. 

4.  A  reaction  of  ilie  auditory  nerve  similar  to  some  forms  of  tinnitus 
can  be  obtained  in  some  sensitive  cases,  not  only  by  galvanization  ol 
the  ear,  but  of  the  other  parts  of  the  head,  and  even  the  trunk. 

We  have  had  a  patient  who  complained  every  iliiie  wc  galvanized 
the  spine  that  buzzing,  hissing  sounds  were  excited  in  his  ear.  Simi- 
iai  sounds  are  produced  by  galvanization  of  the  ear.  The  effect  in 
this  case  was  probably  reflex. 

All  these  considerations  convince  us  that  the  variety  of  sounds  piu- 
duced  by  galv.inization  of  the  car  is  due  to  the  excitation  of  the  au- 
ditory nen-e,  and  that  this  excitation  may  be  both  direct  and  reflex. 
We  are  fully  aware,  however,  tliat  fur  the  present  this  fact  has  agreatei 
interest  for  the  electro-physiologist  than  for  the  electro-Uierapeutisc 

Olfactory  /Verve. — We  have  observed  in  frequent  experimenting  on 
ourselves  that  the  negative  pole  of  a  strong  galvanic  current  applied  to 
(he  Schncidcriaii  membrane  caused,  in  cert.iin  sensitive  localities,  an  0<lor 
much  resembling  sulphuretted  hydrogen.  The  odor  observed  in  the  neigh- 
borhood of  docks  will  perhaps  suggest  tlie  i>eculiar  character  of  this  re- 
actiou  more  than  any  formal  description.  'Hiis  reaction  is  obtained  only 
irhen  a  powerful  current  is  used.  It  is  obtained  at  the  opening  of  the 
circuit,  while  the  circuit  is  closed  and  for  some  little  time  after  the  circuit 
is  opened.  We  have  found  that  this  peculiar  reaction  varies  much  with 
the  individual,  and  with  the  same  inilividual  at  different  limes.  A  sen- 
sitive, or  even  an  ulcerated  condition  of  the  mucous  membrane  would 
seem  to  fomi  iL  Although  we  are  frequently  treating  cases  of  rhinitis 
(nasal  catarrh)  by  internal  galvanization  with  metallic  electrodes,  yet  our 
patients  never  speak  of  this  ]icaiiiar  odor.  The  mucous  nicnibraoc 
of  the  nasal  passages  is  very  sensitive,  and  in  ordinary  thenipeutical 
a]>]>licalion$  only  gentle  current.^  will  be  borne,  whereas  this  reaction  ol 
the  olfactory  nerves  demands  powcH'ul  and  painful  currents. 

The  difTereutial  reaction  of  the  positive  and  the  negative  pole  of  the 
ascending  and  descending  currents  that  were  long  ago  claimed  by  Rit- 
tLT,  we  have  not  been  able  to  condrm.  1  he  phenomenon  of  sneezing,  or 
a  disposition  to  sneeze,  jf  tvhich  Ritter  spoke,  is  due,  not  *q  any  rcac 
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tion  of  the  olfactory  nerve,  but  to  the  mechanical  irritabon  of  the  sen 
Bory  nerves  by  the  electrode.  Sneezing,  as  all  auiists  know,  is  called 
forth  by  a  single  intrudiiclinn  of  the  Rtistacliian  catheter,  and  wc  observe 
it  continually  in  introducing  the  nasal  electrode.  It  is  observed  most, 
however,  just  as  the  electrode  is  being  inserted  ;  and  when  the  current  if 
running,  the  symptom  does  not  usually  annoy  us.  The  action  of  a  gentle 
Current  on  tlic  scnsorj-  nerves  of  the  nasal  passages  scenis  rather  to  have 
a  sedative  effect,  and  in  a  measure  counteracts  the  tendency  to  sneeze 
that  is  excited  by  the  mechanical  irritation  of  the  electrode. 

SchBnbein  suggests  that  the  poculior  smell  experienced  from  the  pas* 
sage  of  the  electric  current  through  the  olfactory  ner\'e  is  caused  by 
osone  that  is  generated. 

This  peculiar  odor,  observed  in  povrcrful  galvanitation  of  the  nasal 
passage,  is  iin(jucstionably  due  to  the  reaction  of  the  nerve  to  the  elec- 
trical stimulus,  and  corresponds  to  the  effects  produced  by  the  same 
agent  on  the  nerves  of  seeing,  hearing,  and  tasting. 

I-'ranklinic  electricity,  electro -magnetism,  magneto-electricity,  are 
unable,  in  any  strength  that  can  be  endured  by  a  person  in  health,  to 
excite  the  peculiar  reaction  of  the  olfactory  nerve. 

Action  of  Electricity  on  the  Gustatory  Nerve — Action  of  the  Galvatiic 
Current. — In  1754,  long  before  the  discovery  of  galvanism,  it  was 
noticed  by  M.  Sulzcr  that  lead  and  silver,  when  connected  and  then 
brought  in  contact  with  the  tongue,  gave  rise  to  a  peculiar  taste  similar 
to  that  produced  by  vitriol  of  iron.  If  we  apply  a  piece  of  zinc  to  the 
upper,  and  oncof  liitvcr  to  the  lower  part  of  the  tongue,  a  powerful  acid 
taste  win  be  experienced  under  the  zinc  p[ntc,  and  a  slight  alicaljne 
taste  under  the  silver  plate.  These  sensitions  are  perceived  as  long 
as  the  circuit  is  closed ;  but  if  the  plate  or  the  tongue  be  warmer  or 
colder  than  natural,  or  very  much  benumbed  by  acids  or  other  irritating 
substances,  vciy  little,  if  any,  sensation  is  produced.  If  the  tension  ot 
the  cuncnl  be  much  increased,  by  using  several  pairs,  the  tongtic  be- 
comes convulsed  and  a  flash  of  light  is  perceived.  Wien  neither  of  the 
clectrotles  touches  the  tongue,  a  nielatlic  instead  of  an  acid  or  alkaline 
taste  is  produced. 

The  peculiar  reaction  of  the  gustatory  nerve  to  the  current  is  gen- 
erally described  by  those  on  whom  we  have  experimented  as  "  cop- 
pery," or  "  sour,"  or  "metallic,"  or  "  biller."  Sour  or  coppery  are,  we 
believe,  the  designations  most  frequently  employed  by  those  person? 
who  eii)criencc  the  sensation  for  the  first  time,  and  who  have  no 
theories  in  the  matter  to  prove  or  disprove,  and  who  therefore  are 
likely  to  gi^e  their  leal  mpressions.     If  we  astc  them  whether  tliey  have 
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a  uste  in  ihe  mouth  while  the  current  is  passing,  the;  usually  reply  lliaf 
Ihc  taste  is  sour  or  "  coppery,"  and  sometiiues  ihey  may  call  it  •*  bitter." 
if  we  ask  them  whether  the  tasto  is  "metallic,"  Ihey  usually  reply  in  the 
aninnativc.  Our  observations  on  litis  subject  have  been  very  numer- 
ous, and  tbey  have  been  made  with  both  currents.  It  ts  not  necessary 
to  send  the  galvanic  ciiirent  ttirough  the  tongue  or  tlirou^h  the  chordj 
tyropani  nerve,  or  through  the  face  even  ;  for  galvanization  of  the  neck 
in  the  anterior  and  posterior  regions,  and  of  the  head  in  almost  any 
direction,  and  of  the  spine — the  lower  as  well  as  (he  upper  region — will 
be  felt  in  tlie  gustatory  nerve. 

Tlii^i  niclallic  taste  is  felt  atinost  as  soon  as  the  galvanic  current  is 
closed,  grows  stronger  while  the  current  runs  up  to  a  certain  point,  and  is 
sometimes  felt  for  several  minutes  after  the  electrodes  are  removed. 
In  some  temperaments  on  which  we  have  experimented,  the  metallic 
tasle  remains  on  the  tongue  for  several  hours,  and  even  all  day,  and 
longer. 

In  susceptible  temperaments  the  faradlc  current  produces  in  a  less 
degree  this  luetaUic  taste,  and  that,  too,  not  only  when  ajiplied  to  the 
tongue,  but  also  the  head,  neck,  and  spine.  In  the  operations  of  cen- 
tral galvanization  this  reaction  of  the  gustatory  neivc  becomes  of  con- 
siderable value  in  showing  us  that  the  current  is  passing  as  we  wish  it, 
and  that  the  patient  is  receiving  aU  tliat  is  well  for  him.  The  gustatory 
reaction  thus  answers  the  purpose  of  a  galvanometer,  showing  that  the 
current  is  passing,  and  lo  a  certain  degree  regulating  the  dose. 

There  is  little  doubt  that  thi^  metallic  taste,  caused  by  electrization, 
IS  due  to  a  peculiar  excitation  of  tlie  properties  of  the  gustatory  nerves 
by  the  stimulus  of  the  current. 

The  theory  that  it  might  be  of  an  electrolytic  character,  and  diercfore 
explained  by  the  products  of  decomposition  at  the  poles — acid  at  the 
positive,  and  alkalies  at  the  negative — Rosenthal^  by  a  variety  of  ex* 
pcrimcnts,  ha.s  sliown  to  be  untenable. 


CHAPTEB    VIl. 

ACnON  OF    BLECTRrcmr  ON    MOTOR   AND   SENSORY  NBRVeS  AXV 
VOLUNTARY   MUSCLES. 


Irritability  of  nerves  and  mttsdet  is  thai  property  by  virtue  of  which 
they  eon«fuet  the  natural  stimulus  of  the  boi/y,  or  external  impressions^ 
i.j»r  reiftrnj  to  artificial  stimulation. 

Nerves  jnd  muscles  are  called  irritable  so  long  as  they  retain  lhi« 
property.  Irritability  of  the  nerves  is  a  pro|»erty  inheretU  in  them. 
No  other  tissue  except  nerve  tissue  possesses  this  property. 

During  life  nerves  and  muscles  manifest  their  irritability  by  fulfilling 
all  the  natural  functions  that  belong  to  tlieni ;  tt  is  this  propert)'  that 
enables  them  to  conduct  that  mysterious  vital  agent,  which,  in  liLii  of 
definite  knowledge,  wc  arc  obliged  to  call  nerve  force.  This  nerve 
force,  which  is  peculiar  to  living  beings,  may  possibly  be  correlative  to 
the  other  forces  of  nature  —  light,  heat,  electricity,  magnetism,  and 
(gravitation — but  the  theory  that  it  is  identical  with  eiectridlyis  as  will  be 
seen,  untenable- 

Irritability^  ham  long  Retained  after  Death. — The  irritability  of  nerves 
and  muscles  begins  to  diminish  after  death,  and  sooner  or  later  disap- 
ivpears.  It  diisappears  much  sooner  in  warm-blooded  than  in  cold- 
blooded animals. 

In  wann-blooded  animals,  as  the  rabbit  and  the  dog,  the  musculat 
cnrrent  may  disappcir  in  h.ilf  or  three-quarters  of  an  hour.  In  the 
Uinb  of  a  Grog  that  has  been  properly  protected  and  under  a  cool  tem- 
perature, it  may  remain  for  two,  three,  or  even  four  weeks.  It  is  on 
account  of  this  iwrsistencc  of  irritability  in  frogs  that  they  are  so  fre- 
quently chosen  in  electro- physiological  experiments.  Irritability  also 
varies  nnth  the  temperature.  It  lasts  longer  in  cold  than  in  warm 
weather,  and  under  extreme  lieat  it  remains  but  a  short  time. 

The  local  application  of  poisons  and  jiowerful  chemical  substances, 
as  extract  of  ojiiuni.  acetates  of  strychnine,  morphine,  creasote,  nitrate 
of  silver,  mineral  acids,  rapidly  destroys  the  irritability. 

How  Muscular  Contractions  are  Produced. — Thcr^  are,  then,  two 
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ways  by  which  die  muscles  can  be  mide  10  contract  under  electricity : 
(i)  by  acting  on  the  motor  nerves,  and  (2)  by  acting  on  the  muscles 
themselves.  There  is,  however,  this  inieresting  and  imjwrtant  differ- 
ence in  the  effect  of  electrizing  the  mutur  nerves  and  the  muscles,  thai 
when  the  foniier  aie  elccirucd  all  the  muscles  supplied  by  them  con- 
tract, and  when  the  muscles  are  electrized,  only  ihiit  nmscle  to  which 
the  electrodes  are  applied,  or  that  part  of  the  muscle  between  the 
electrodes,  will  contract.  'When  direct  applications  to  the  miiscle  are 
made,  the  best  contractions  are  produced  by  putting  one  electrode  at 
each  end.  The  muscular  contractions  produced  by  directly  fara- 
dixtng  the  muscle  arc  due  to  the  excitation  of  the  muscle,  and  also  of 
the  intramuscular  nerve-fibres.  The  most  powerful  muscular  contrac- 
tions are  produced  by  placing  one  eleclrnde  on  the  muscle,  and  the 
Other  at  the  point  where  the  motor  nerve  that  supplies  it  is  most  super- 
ficial. 

Di^erenlial  Action  of  Fesitive  and  Negative  Pole  in  Producing  Con- 
tractions. —  Hal  only  is  there  a  difference  in  the  degree  in  the  opening 
and  closing  contractions  of  the  faradic  current,  but  there  is  also  a  dif- 
fereiice  in  the  action,  of  the  poles  in  producing  contractions.  When  the 
inteirujilions  are  rapid,  as  in  the  majority  of  macliines,  the  muscle  does 
not  ha\'e  time  to  go  through  all  the  process  of  lengthening  and  shoncn- 
ing  with  each  movement  of  the  current  to  and  fro,  and  consequently 
it  is  kept  in  the  state  of  tonic  contraction  above  described.  If,  now, 
one  pole  be  placed  on  some  IndilTereiit  point,  while  tlic  other  pole 
is  placed  over  the  nerve  to  be  acted  on,  it  will  be  fuund  tliat  the  nega- 
tive pole  produces  stronger  contractions  than  4he  positive. 

This  experiment  is  easily  made,  and  It  is  not  tUAicult  to  demonstrate  on 
one's  self  that  this  stronger  action  of  the  negative  pole  in  producing  mus- 
cular contraction  is  entirely  independent  of  the  direction  of  the  current 
— is,  in  short,  a  polar  etfect.  We  have  already  seen  that  on  sensory 
nerves  the  negative  pole  is  more  powerfully  felt  than  the  positive. 

Simple  Fluctuation  in  Strength  of  Current  sufficient  to  Produce  Con- 
traction.— In  order  to  produce  muscular  contractions,  it  is  not  necessary 
that  the  current  should  be  oi>cned  or  closed.  A  moderate  variation  in  the 
strength  of  the  current— such  as  is  obtained  by  adding  one  or  more 
cells,  or  by  uniting  another  and  independent  current  in  the  circuit,  or 
by  taking  off  some  portion  of  the  current  from  the  circuit — will  cause 
muscular  contractions.  The  contractions  produced  in  lliis  way  are, 
however,  less  vigorous  than  those  produced  in  closing  and  opening  the 
circuit.  It  is  to  be  observed,  also,  that  the  vigor  of  the  contractions  is 
proportioned  to  the  suddenness  of  the  closing  01  opening  the  circr.ic 
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This  point  is  frequently  forced  tiiton  our  observation  in  the  trcitment  of 
]>aTalysis.  If  the  clcctn^Jcs  are  armed  with  large  sponges,  and  are 
slowly  applied  over  the  muscle,  with  gradually  increasing  pressure, 
«:arccly  ajiy  contraction,  or  at  least  only  a  feeble  one,  is  produced , 
but  if  the  interruption  be  made  in  (he  metallic  part  of  the  circuit — in 
the  electrode  by  an  iniermpter,  or  in  the  battery — the  contraction  with 
the  same  current  wilt  be  very  energetic 

By  referring  to  Electro-Physics  (p.  55),  it  will  be  seen  that  the  law  of 
muscular  contraction  under  electrisation  follows  the  laws  of  current- 
induction.  Both  contraction  and  induction  occur  when  a  change  is 
made  in  the  strength  of  the  current  by  closing,  opening,  increasing, 
or  diminishing. 

Muscular  Contractions  more  Vigorous  when  a  great  length  of  the 
Nert'e  is  Galvanized. — The  muscular  contraction  caused  by  galvanisa- 
tion is  greater  when  a  large  than  when  a  small  extent  of  the  nerve  \t 
included  between  the  electrodes.  It  is  not  a  difiicuU  matter  to  demon- 
strate this  fact.  The  experiment  can  be  made  on  nerves  of  rabbits. 
dogfi,  frogs,  or  other  animals. 

Nerves  0/  Living  Man. — Our  previous  reniarVs  have  been  applied  to 
the  reaction  of  die  nerves  of  animals  in  a  condition  not  purely  physio- 
Ic^cal.  When  the  galvanic  current  Is  ap|>lie(l  to  a  living  and  healthy 
motor  nerve  in  a  healthy  man,  contraction  takes  place  only  on  closing 
the  circuit.  This  fact  is  constant  with  either  pole  and  any  direction  of 
the  current.  The  negative  pole  applied  to  the  nerve  produces  stronger 
contraction  than  the  positive.  At  the*  opening  of  the  current  there  is  no 
eontraction.  When  the  nerve  is  separated  from  the  body,  or  injured,  or 
fatigued  in  any  way,  the  phenomena  already  described  appear.  The 
first  symptom  of  fatigue  is  contraction  both  at  the  opening  and  closing 
of  the  current  Ulien  the  nerve  becomes  more  exhausted  the  contrac- 
tions arc  produced  on  closing  and  o|)cning  the  inverse  current ;  and 
when  the  exhaustion  is  still  greater,  contraction  is  obtained  only  on 
making  the  direct  current. 

Action  of  the  Faradie  Current. — The  faradic  current,  when  rapidly 
interrupted,  as  in  most  of  the  faradic  machines,  and  applied  to  the 
motor  nerves,  keeps  up  a  tonic  contraction  of  the  muscle  supplied  by 
these,     lliis  contraction  Is  maintained  so  long  as  the  current  runs. 

If  a  contrivance  for  making  slow  inductions  be  connected  wilh  (he 
faradic  machine,  then  the  contraction  of  (he  muscles  corresponds  to 
the  o(>ening  and  closiiig  of  the  current,  and  the  opening  contraction  »j 
ttroager  than  the  {losing. 

When  the  current  of  the  secondary  wire  is  closed  by  pbcing  the 
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electrodes  on  ihe  skin,  the  ciirreni  of  the  primary  coil  (extra-current) 
exerdsea  a  retarding  inlluence  on  the  seconder)-  current,  and  thcD  the 
cloMtig  contraction  is  rendered  more  gradual  and  gentle  from  nothing 
to  the  maximum. 

When  tJie  current  of  the  secondary  coH  is  ojiened,  the  current  of  the 
]>rimary  coil  (cxira-currcri)  docs  not  exist  {sec  Elcctro-I'hysics,  p.  55), 
and  consequently  the  current  of  the  secondary  coil  is  not  retarded  and 
goes  rapidly  from  its  maximum  to  nothing. 

Differential  Action  of  Primary  and  Secondary  Coils. — Duchcnne  has 
stated  with  a  measure  of  tnith  that  the  current  of  tiie  primary  coil  (ex- 
ira-current)  of  his  apparatus  has  a  more  powerful  cQcct  on  the  sensi- 
bility and  contractility  of  the  organs  beneath  the  skin,  n-hile  the  current 
of  the  secondary  coil  acts  more  powerfully  on  the  retina  and  on  the 
skin.     The  primary  coil  is  composed  of  thick,  short  wire 

The  secondary  coil  is  composed  of  long  and  thin  wire  with  nian> 
windings. 

The  differential  action  of  the  primary  and  sccoiidar)-  cnrrents  on  the 
skin,  muscles,  and  optic  nerve  is  due  to  these  two  causes : 

1.  The  ]iriinary  current,  circulating  through  a  short  thick  uire,  has 
less  tension  than  the  secondary  current  that  circulates  through  a  long 
thin  wire,  because  tension  is  developed  only  in  the  presence  of  resist- 
ance. Since,  now,  the  skin  offers  greater  resistance  than  the  nmsclcSr 
the  secondary  current,  by  virtue  of  its  greater  tension,  is  able  to  pene* 
tratc  it,  and  also  to  penetrate  Ihc  brain  and  affect  tht  optic  nerve. 
But  Ihe  primary  current,  having  less  tension,  passes  through  the  skin, 
circulating  in  it  but  slightly,  and  goes  to  the  muscles  beneath,  which  are 
good  conductors,  and  on  these  it  spends  its  force.  In  other  words,  a 
current  of  low  tension  selects  the  best  conductors,  avoiding  the  pooi 
conductors  so  far  as  is  possible,  while  the  current  of  high  tension 
tmvcrses  also  poor  conouctors. 

2.  The  primary  current  moves  in  one  direction,  and  has  a  mild  elec- 
trol)-tic  [lOwcr,  while  the  secondary  current  moves  to  and  fro  so  rapidly 
that  it  cannot  perform  electrolysis. 

Aeliott  of  the  Galvanic  Current. — The  intcrniptwl  gah-anic  current 
of  moderate  strengtii,  if  applied  to  a  motor  nerve,  causes  all  the  muf- 
cles  supplied  by  that  ner\'C  to  contract. 

If  Ihe  current  be  interrupted  slowly,  the  contractions  wilf  be  elonie,  if 
rapidly  tntemiptcd,  the  contrac  ions  w\\\  be  tonic.  The  violent  contrac- 
tions that  occur  at  the  moment  of  closing  and  oi>ening  the  circuit  of 
an  intense  current  may  be  avoided  if  we  begin  with  an  extremely  mild 
currenr  and  slowly  and  gradually  increase  its  tension.     B\  this  method 
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Riner  wa'  enabled  to  pass  through  hU  own  person,  withoot  experienc- 
ing either  the  closing  or  opening  sliock,  llic  enormous  current  gener- 
Itcd  (rom  a  battery  ol  two  hundred  elements. 

Gaiva»ii4onic  Ofittradiom. — When  very  powi-rftil  currents  are 
applied  conimuously  to  the  nerves,  tonic  contractions  arc  produced  dur 
ing  the  whole  time  that  the  circuit  is  closed,  Contractions  thus  pro 
diicnl  were  called  by  Kcmak  gatvano-tomi  ccntraciions.  They  are 
called  galvano-z't'ffjV  contractions  to  diatinguish  ihcm  from  the  doitie 
contractions  produced  by  the  faradic  current.  When  the  galvanic  cur- 
rent is  applied  continuously  to  th^  surface  of  the  body,  by  means  of 
moist  sponges,  the  galvano-iomc  coulraclions  increase  in  vigor,  up  to 
certain  point,  the  longer  the  electrodes  are  kept  in  position.     'ITiis 

'phenomenon  is  explained  mainly  by  ihc  fact  that  the  »kin  becomes  more 
moist  as  well  as  hyperneniic  (p.  no)  by  the  effect  of  (he  current,  and 
thus  becomes  a  better  conductor  for  the  electricity.  With  the  faraxlic 
cunent  this  increase  of  effect  is  not  so  observable.  The  current 
lequired  to  produce  galvano-tonic  contractions  is  quite  powerful  and 
painful.  The  strength  of  current  required  M-ill  depend  on  the  i»osition 
of  the  nerve  acted  on,  the  length  of  nerve  inchidcd  between  the  elec- 
trodes, and  the  individual  experimented  on. 

Tcnic  Cotttmetions  in  Antagoniitie  Miiicles. — Reniak  slates  that  when 
galvanic  currents  of  great  power  arc  used,  certain  nervous  ionic  con- 
tractions appear  in  antagonistic  muscles.  Thus,  for  example,  when 
the  median  nerve  is  subjected  to  the  continuous  action  of  a  powerful 
galvanic  current,  contractions  appear  in  the  common  extension  of  the 
le  arm,  so  that  the  iingcrs  are  raised.     It  is  probable  that  this  phe- 

ruomcnon  is  due  to  reflex  action. 

Effect  <^f  the  \ViH  in  opposing  and  aiding  Ccntractions  produced  hy 
Electricity. — ^The  contractions  produced  by  electricity  can  be  materially 
aided  or  opposed  by  effort  of  the  will  of  tlie  person  operated  on.  If  a 
person  whose  mn.«Jes  are  being  electrized  concentrate  hia  mind  on  the 
muscle  that  is  subjected  to  the  influence  of  the  current,  and  sinuillane- 
ously  with  the  closing  of  the  circuit,  wills  to  contract  the  muscle,  the 
contraction  will  be  more  vigorous  and  complete  than  when  the  elec- 
tiicity  is  not  so  aided.  Tlie  will  co-operates  with  the  electricity,  and  the 
two  agents  reinforce  each  other,  and  thus  accomjilish  more  than  would 
be  possible  for  either  alone.  This  can  be  very  conveniently  demon- 
strated on  the  communis  extensor  of  the  foiearm.  Jn  electro-therapeu- 
tics tliis  co^operation  of  the  force  of  will  and  electricity  becomes  of 
great  practical  value.  It  has  long  been  knon-n  that  paralytic  patients 
frf*  all  kinds,  even  those  of  a  cerebral  chronic  incurable  character,  can  be 
10 


146  ELECTRO-PHVSIOLOCY. 

greatly  bcnefitcil  by  slightly  concentrating  tht  mind  on  the 
woveit,  us  the^^ngers  or  toes,  and  resoiutely  wUling  to  m<wv  them. 

in  practice  it  has  been  found  that  such  treatment  is  of  positive  ami 
permanent  service. 

The  cointiinatiun  of  ttic  force  of  will  with  eleclticily  is  very  much 
more  efficacious  than  either  when  used  alone.  When  i  muscle  become* 
so  diseased  ihat  (he  will  is  powerless  to  remove  It,  the  electricity 
niay  contract  it  with  ease.  Where  clcctricily  alone  causes  feeble  or 
imperfect  contraction,  electricity,  co-operaling  with  the  will,  may  make 
the  contraction  vigorous  and  complete.  In  order  to  make  experiments 
of  this  kind  fully  successful,  it  is  necessary  that  the  will  and  force  should 
be  concentrated  simuttantously  with  the  closing  of  the  circuit  i  and 
yet  exi>cricnce  &liow&  that  the  eflfect  of  the  electrization,  if  not  too 
long  continued,  is  to  give  tone  of  the  muscle,  ao  that  it  resi>onds  more 
readily  to  the  will  for  several  minutes,  or  even  hours,  after  being  sub- 
jected to  the  electri/.ation.  This  is  especially  observed  in  nuiscles  that 
are  in  a  condition  of  paresis.  In  all  these  experiments  much  depends 
on  the  organic  ener^^y  and  grit  of  iIk  patient.  Contcrsely,  it  is  found 
that  by  an  cfl'ort  uf  wilt  the  contraction  of  nmscles  induced  by  electri- 
city can  be  widiin  a  certain  limit,  successfully  oi)posed.  The  exi)eri- 
incnt  can  be  made  on  the  communis  extensor  of  the  forearm  without 
difficulty.  A  feeble  cnrrent  will  cause  this  muscle  to  contract  so  as  to 
bring  up  the  hand  and  fingers ;  by  an  eflbrt  of  the  will  this  can  be 
resisted  so  that  the  hand  remains  on  a  level,  or  nearly  so.  U'hen  very 
strong  currents  are  used  the  will  is  completely  overborne,  and  has  no 
effect  whatever. 

Extent  of  S/wrtaiing  of  Mutcle  during  a  Contraction. — In  the  process 
of  contraction  muscles  shorten  in  proportion  to  (heir  length.  The 
greatest  poiisible  shortening  is  obtained  during  tetanic  or  continuous 
contraction,  and  not  (hiring  a  momentary  contraction.  The  maxmunii 
of  shortening  is  reached,  not  suddenly,  but  gradually,  and  it  docs  not 
long  remain  at  the  niaxtmum  even  when  the  electrization  is  continued, 
but  begins  to  lengthen  at  first  rapidly  and  then  more  slowly. 

The  greatest  amount  of  shortening  possible  to  a  muscle  is  three^nnr- 
lets  or  two-thirds  of  lis  length. 

in  contraction  the  muscle  becomes  a  little  smaller  m  bulk.  1'hc 
cause  of  this  is  not  fully  untlerstood.* 

Immediate  Strengthening  or  Restorative  Effect  of  Electrtuttion  *« 

•  Eltttr^PAyst^t.'it  a'ht  EttUrp-  Tkerafentltt.  Uy  C.  E.  Morgin,  M.D.  New 
York,  |S6S,  i>.  573. 
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y»luntary  J/uir.Vj.— One  very  interesting  effect  of  electrizatioii  on 
volnntarj'  muscles  is  to  increase  their  power  of  doing  work.  This  effect, 
.  which  is  called  by  Heidenhain  and  Reinak  reitora/ive,  can  be  demun- 
'  strated  in  various  ways.  The  ca|}acity  of  walking,  in  cases  of  |>araly»is 
of  the  lower  limbs,  is  sometimes  increased  at  once  after  electrization; 
the  patient  steps  across  the  floor  easier  and  more  firmly  and  rapidly, 
and  can  walk  further ;  or  he  can  raise  his  leg  higher  and  with  le-.s 
difficulty.  In  one  case  of  paralysis  of  the  tibialis  anlicus  muscle  there 
was  no  response  to  ihc  will  until  a  current  of  medium  strength  liad 
been  applied,  when  it  contracted  without  much  dillicully.  Dr.  I'ooie  • 
found,  on  placing  a  weight  of  1 7  oz.  in  the  hand  of  a  man  holding  his 
aim  OUT  ai  right  angles  with  his  body,  that  in  four  minutes  the  )>ain  was 
[fo  great  that  he  could  not  go  on  ;  applying  now  a  mild  current  thmiigh 
the  nerves  of  the  arm,  the  strength  returned.  Another  man  could  IioIJ 
out  his  arm  134  minutes  when  the  current  was  applied,  but  only  6 
minutes  without  the  current. 

The  dynamometer  Is  a  good  means  of  studying  this  subject.  In  one 
case  Dr.  Poore  found  that  eight  successive  squeezes  of  the  dynamome- 
ter widi  electrization  gave  477  lbs. ;  without  electrization,  388  lbs.;  a 
difference  of  89  lbs.  In  another  experiment  made,  when  the  hand  wan 
not  tired  by  previous  experimenting,  the  difference  was  even  mo/e 
marked,  being  a  gain  of  152  in  six  squeezes  of  die  dynamometer. 

Effect  of  Fatigue  of  Muscles  on  the  Contractility. — When  a  striped 
muscle  becomes  very  much  weakened  or  fatigued  it  behaves  under  elec- 
trization much  like  the  stoooth  muscle.  Dr.  Beard  has  demonstrated  this 
fact  on  dying  rabbits  and  dogs.  Ueginmug  the  electrization  just  as 
thejr  are  cut  open,  the  striped  muscles  react  vigorously  and  normally  to 
the  current ;  but  as  the  animal  dies  the  character  of  the  contraction 
changes,  Incoming  slower  and  more  deliberate.  If,  now,  the  current 
be  rapidly  interrupted,  no  contraction  occurs,  for  there  is  not  tune  for 
tlic  muscle  to  respond.  If,  now,  weak  currents  are  used,  the  muscle 
contracts  very  much  after  the  manner  of  unstriped  muscle — that  is,  with 
a  slow  drawing  rattier  than  a  rapid  and  vigorous  action. 

Efftet  of  Muscular  Tetuion  and  Relaxation  on  Muscular  Centrat 
tUn. — Dr.  W'm.  R.  Fisher,  of  New  York,  has  called  attention  to  the 
fact  that  muscles  contract  more  easily  wiien  somewhat  relaxed  than 
when  in  a  tense  condition.  This  experiment  can  be  tried  very  easily  00 
the  conmion  extensor  of  the  forearm  or  on  the  peronei  muscles  of  the 
leg-    The  fact  is  of  practical  importance  in  the  treatment  of  paralysis. 


The  rrMiUiiarrt  Jan.,  1S7J, 
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Zicnisscn,*  on  experimenting  with  unpolarlzablc  electrodes,  ami 
gradually  increasing  the  strength  by  the  aid  of  the  ib  .-ostat,  obtained 
the  fotluwing  results: 

1.  With  the  weakest  current  that  canted  muscular  contraction  thrrc 
was  fffening  contraction  at  the  cathode. 

2.  With  a  current  a  little  stronger  there  was  strong  efosing  contrac- 
tion at  the  negative  po!^  and  weak  opening  contraction  at  the  positive. 

3.  With  stili  stronger  current  there  was  also  weak  eontraetion  at  Iht 
tpening  of  the  positive  polt. 

4.  With  still  stronger  currents  Mivcr^'via&a  tonic eoniraetionatihe  nega- 
*ive  pole,  continuing  for  some  time  after  the  contraction  at  the  clowng. 

5.  With  a  much  strongL-r  current  the  tonic  contraction  was  more 
vigorous;  the  other  contractions  arc  also  increased  in  strength,  and  there 
npi>eared  a  contraction  at  the  opening  of  the  negative  pole. 

6.  Widt  the  strongest  current  that  can  be  borne,  all  the  other  contrac- 
tions were  increased  in  strength,  and  there  appeared,  besides,  moderate 
tonic  contractions  at  the  positive  pole. 

The  above  results  can  be  veritied  only  when  iinpolarizable  electrodes 
tre  used,  for  with  ordinary  electrodes  the  pain  would  be  far  too  great 
to  be  endured.  The  opening  and  closing  of  the  current  must  be  made 
in  the  metallic  part  of  the  connection,  in  order  lo  give  it  the  greatest 
possible  suddenness.  Zicmsscn  suggests  for  these  experiments  the 
median  and  ulnar  nerves  at  a  point  a  little  above  the  wrist.  At  this 
point  the  epidermis  is  quite  thin  and  the  nerves  superficial.  Judging 
from  our  observations,  it  is  impossible  to  reduce  this  subject  lo  a  rigid 
mathematical  law.  The  words  "strong"  and  "weak,"  as  applied  to 
currents,  are  cpute  indefmite,  and  the  irrilabitlty  of  nerves  varies  in  dif- 
ferent individuals  at  different  times.  It  is  for  these  reasons  that  observ- 
crs  differ  in  the  results  of  their  cxpcrijiients. 

Eleetro-mnsnttar  ConlraettUty  and  EiectrO'tnuscular  Sensibttity.— 
The  susceptibility  of  the  muscle  to  contract  under  the  influence  of  the 
electric  current  is  called  eiectro-muscutar  contractUity.  Tlie  sensation 
that  accompanies  this  contraction  of  the  muscles  under  the  electric 
influence  is  called  elect^o-museular  sensihitity.  Elcclromuscular  con- 
tractility and  eleciro-muscular  sensibility  \'ary  in  different  indisnduals, 
and  in  different  parts  of  the  body.  Tliey  are  greatly  modified  by  dis- 
ease. This  fact  is  of  great  importance  in  diagnosis  of  paralytic  affcc* 
tions. 

In  using  the  terras  electro  muscular  sensibility  and  electro-muse uUi 
contractility,  wc  do  not  wish  10  convey  the  idea  that  they  represent  anj 

•  Opi  cit ,  p.  S<x 
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specul  ncrvc-functions,  but  rather  that  tfic  general  sensibility  of  the 
nerves,  and  the  general  contractile  power  of  the  tnu^cles  may  be  excited 
by  ihc  a|)plication  of  electricity.  The  question,  whether  there  is  any 
special  sense  of  muscular  contractility,  aside  from  the  general  sensibility 
of  the  nerves,  of  the  muscle,  of  the  tissues  liiat  sui  round  it,  and  of  the 
bones  and  cartilages  with  which  it  is  connected,  is  one  that  wc  aie  dis- 
posed to  answer  in  the  negative.  There  appear  to  be  hysterical  cases, 
where  the  consciousness  of  muscular  contractility  under  the  electric 
current  remains,  while  the  skin  t!>  almost  perfectly  anxsthelic  ;  and  there 
arc  certainly  cases  where  the  muscles  respond  to  the  will,  but  do  not 
respond  to  electricity.  Practically,  therefore,  llie  terms  electro-musculat 
sensibility  and  contractility,  especially  the  latter,  with  its  subdivisions 

'into  farado- and  galvano-contractiUiy,  are  of  great  value  in  electro- 
physiology  and  Ihcrapcutics,  and  it  appears  to  us  are  perfectly  legitimate. 
The  manifestations  of  the  electro- muscular  conttactiHty  and  seuKibillty 
ot  the  muscles  in  the  different  parts  of  the  body  are  modi  tied, ^rx/,  by 
the  anatomical  position  of  the  muscles ;  secondly,  by  the  quantity  and 
dtslribution  of  the  sensitive  nerves ;  and  thirdiyt  by  tlie  thickness  of  the 
skin  and  adipose  tissue. 

Tlic  muscles  of  the  face,  the  platysma  myoidcs  and  stern o-cleido- 
masioid  are,  in  health,  very  sensitive  to  the  electric  influence-  Next 
in  order  of  sensitiveness  to  tlie  electric  current  are  the  anterior  muscles 
of  the  forearm  and  of  the  inner  side  of  the  thigh.     On  the  otlicr  hand, 

^thc  muscles  of  the  back  [josscss  a  much  less  degree  of  el c^ctro- muscular 
contractility  and  sensibility,  and  the  posterior  muscles  of  the  forearm, 
and  posterior  and  other  muscles  of  the  thigh  are  much  less  susceptible 
to  the  electric  influence  tliaii  Ihuse  uf  the  anlcriur  and  inner  portions  of 

I  these  limbs.  In  coriJulcnt  patients  it  is  more  difficult  to  atTcct  the  mus- 
cles, because  adipose  tissue  is  comparatively  a  |)oor  conductor.  In 
women  and  children  the  adipose  tissue  is  relatively  more  abundant  than 
•n  males  and  adults. 

Increase  of  Temperature  after  Muscular  Centraction.^-Xi  has  been 
ascertained  by  careful  experiments,  that  an  increase  of  temperature 
results  from  muscular  contractions  produced  by  the  electric  current. 
Increase  of  temperature  in  the  muscles  of  paralyzed  limbs,  after  elec- 
trixation,  \i  frequently  perceptible  to  the  touch  of  the  operator,  and  the 
sensations  of  the  patient.  We  have  repeatedly  demonstrated  the  same 
results  from  faraJi^Ation  of  the  arms,  the  legs,  the  face,  and,  indeed,  all 
parts  of  the  body.  Jn  very  many  cases  this  increase  of  temperature  ii 
<o  marked  as  to  be  punerfully  appreciated  by  the  patient,  and  entirely 
perceptible  to  the  hand  of  the  operator.     General  faradization  causes 
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more  oi  less  elevation  of  the  icmpcratare  of  the  body.  This  u 
demonstrated  by  Ihe  sensations  of  l!»e  palient,*  and  by  the  thermoin- 
eicr. 

It  bas  been  shown  by  Brown  Siquard  and  Lombard  that  excitation 
of  the  nerves  of  the  skin  causes  an  increase  of  tcniperatiire  in  the 

linib.f 

The  development  of  heat  is  not  aided  by  increasing  the  strength 
of  the  current  above  the  degree  necessar)*  to  produce  a  full  contrac- 
tion. It  has  been  demonstrated  ihat,  in  patients  afflicted  with  trau- 
niatic  tetanus,  there  is  a  great  increase  of  temperature  that  remains 
for  some  time  after  death. 

Invcstigalions  on  Uic  effect  of  muscular  coniraction  on  temperature 
should  be  made  by  delicate  surface  theniiometers.  Some  of  the  super- 
ficial muscles  of  the  forearm  oBer  a  good  surface  for  this  experiment. 
The  thermometer  must  be  kept  firmly  and  uniformly  pressed  on  the 
skin,  and  ihe  modifying  effect  of  currents  of  cold  air  should  be  guarded 
against.  The  thermometer  should  be  kept  insifuaboui  fifteen  mitiutes 
before  beginning  electrization^  so  as  to  get  accurately  the  uortuat  tern 
perature.  Then  the  nerve  that  supplies  the  muscle  or  muscles  to  be 
teiited  should  be  faradized. 

The  following  investigation  is  from  Zieraasen.J  The  patient  was  a 
strong  man,  who  was  suETcHng  from  complete  paralysis  of  the  extensor 
muscles  of  the  hand  and  tiiigcr  from  nerve  injury.  This  fact  accounts 
for  the  low  temperature  before  faradization. 

Temperature  on  the  forearm,  between  the  extensor  digit  comm. 
tnd  exten.  cari^.  radi.  brev. : 

Tlie  skin  uncovered 34-7*  Cent 

After  4  minutes*  faradization  through  the  radial  nerve  : 

At  opening  of  current 34,8 

1  minute  after  opening  the  current 35.3 

5  minutes  "  "      35.7 

w       "  *•  "      35.3s 

"       "  -  *'      355 

In  the  13th  minute  faradization  was  renewed  for  i  minute : 

femperatiire  at  opening  the  current 34.7 

1  minute  after  opening  the  current 35. 1 

4  minutes  •'  "      35-45 


'£tfefHfiW  in  dtr  Mtdtein,  1866,  p.  29. 
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In  the  6th  minute  faradisation  was  renewed  for  i  minute : 

Temperature  at  opening  the  current* 3S<i 

1  minute  after  oi>cning  the  current 35.3 

5  minutes  "  "       35.6 

The  general  results  of  all  the  investigations  that  have  been  made  ir. 
this  (leiiaitinent  by  Becquerel,  Bre&chet,  Helmholtz,  Zieinssen,  Althaus, 
and  ourselves  arc  these : 

t.  ^\'hcn  ittusclcs  are  made  to  contract  iindor  faradif.ation  of  th<i 
nerves  that  supply  them  their  teinpcralure  rises. 

a.  This  elevation  of  temperature  is  not  necessarily  accompanied  b) 
any  increase  in  size  of  Ihe  vessels,  although  faradization  usually  inuea&ei 
Cbe  size  and  appearance  of  the  vessels  more  or  less. 

3.  The  more  vigorous  the  contraction  and  the  longer  it  is  continued, 
the  higher  the  temperature  rises. 

4.  If  the  faradization  be  continued  long  enough  the  temperature  will 
be  K>  much  increased  that  it  can  be  detected  without  diflicutty  by  the 
hand,  and  by  the  sensations  of  the  person  operated  on. 

5.  When  all  the  superficial  muscles  of  the  body  are  faradized,  as  in  the 
method  of  general  faraduation,  tUe  temperature  not  oaly  of  individual 
muscles,  here  and  there,  but  also  of  the  whole  body,  rises.  This  fact  we 
have  repeated  and  demonstrated  by  observations  made  on  many  varie- 
ties of  tcmperainenL 

A  more  accurate  method  of  investigating  this  subject  is  by  means 
of  the  thermo-electric  pile  (see  Electro-Physics  p.63).  This  instru- 
ment is  cajtable  of  measuring  a  small  variation  in  temperature,  and 
aiso  indicates  the  variations  luuch  more  quickly  tlian  the  thennom 
cter.  The  tlienno-clcctric  pile  is  connected  with  a  reflecting  galva 
nomcter  (sec  Electro- Physics,  p,  41).  Zicmsscn  gives  the  following  ob 
servation  made  on  the  extensors  of  the  forearm : 

TmB  or  Faxadizatiok.  OEFt-EcriaN  op  tub  Neildib 

Afiuutet.     SttonJt.  OF  TUK  CaLVaM  •meTKK. 

o  'S  -  '5 

0  30  +  2.3 

0  45  ■•■  50 

1  -  -  7-i 

a  —  -figo 

3  —  +3o-( 

4  —  +-to» 

It  will  be  observed  that  with  the  increase  in  the  time  of  the  faradiza 
ttun  there  is  greater  and  greater  defiectian  of  the  needle,  just  as  ihcrr 
b  a  rise  of  the  mercury  in  the  ordinary  thermr-meter. 


tS3 


ELECTRO-PHYSIOLOGY. 


Source  of  Htat  in  Musculew  Contraction. — According  to  Hermann,* 
who  has  iii>ccblly  studied  the  chemistry  of  the  dcvclopnicnt  of  heat 
dunng  muscular  coiiiraclion,  muscular  work  is  the  result  of  the  deeom- 
position  of  nitrogenous  substancet.  Among  the  products  of  this  de- 
comijosltion  are  a,fixeJ  aci/i,  carbonic  acid,  and  myosine.  Of  these  the 
carbonic  acid  leaves  the  body,  while  the  fixed  acid  and  the  myosine  re- 
main and  are  worked  over  again  in  the  or;ganism.  The  muscles  grow  at 
the  same  lime  that  they  work  and  develop  heat,  and  urc.i  and  creatine 
ate  found  ill  the  retiidutini.  The  muscle  is  restored  by  the  action  of 
axygCD,  an  albuntiiioid,  and  a  non-nitrogcnous  substance  in  the  blood. 

All  these  comi'lex  chemical  changes  that  are  excited  during  muscu- 
lar contraction  ^VTr  r;>r /tf  AcaA  If  the  muscle  is  prevented,  by  me- 
clianical  means,  from  contracting,  the  heat  develops  in  it  more  rapidly 
than  when  it  is  free.  This  follows  from  the  recognized  law  of  the  cor- 
Illation  and  conservation  of  forces.  The  force  that  does  not  appear  at 
work  apiicars  as  heat. 

Duration  of  E/ectro-muscutar  Contractility  after  Death. — The 
muscles  retain  their  contractility  under  electricity  several  hours  aAer 
death.  The  length  of  time  that  the  electro-muscular  contractiJity  is 
preserved  varies  wiih  ditlLTent  muscles,  v.iih  different  animals,  and 
probably,  also,  with  the  mode  of  deatli.  In  order  to  determine  this 
question,  Or,  Heard  has  made  experiments  on  dogs  and  rabbits.  Dr 
Onimus,t  of  Paris,  has  experimented  on  the  body  of  a  murderer  who 
hod  been  guiUuiiMcd  He  fuutul  that  the  muscles  of  the  tongue  and  dia- 
phragm were  ilic  first  to  lose  their  electro-muscular  contractility.  Next 
came  the  muscles  of  the  face,  among  which  the  masseter  retains  its  ex- 
citability the  longest.  Two  and  a  half  kourt  after  death  the  electro 
muscular  contractility  was  lost  in  all  these  muscles. 

In  the  limbs  the  extensor  muscles  first  lose  their  electro -muscular 
contractility,  arul  in  about  an  hour  the  flexors  followed.  The  muscles 
of  the  trunk  rpspondcd^/fi'^  or  six  hours  after  de.ith,  and  the  abdoiniiiid 
muscles  longer  still. 

Oniiuiisohserved  on  the  criminal  what  Dr.  Beard  has  observed  on  dogs 
and  rabbits,  that  when  the  muscle  is  dying  it  contracts  most  noticeably 
at  the  point  where  the  electrodes  arc  placed,  and  very  slowly  at  a  dis- 
tance from  the  electrodes  ;  and  that  the  muscles  respond  to  direct 
electrization  with  needles  after  they  have  ceased  to  respond  to  the  ctu 
rent  when  applied  through  the  sKin. 


•  Morgan,  np,  cil.,  p.  58*  et  aei). 
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Previously,  in  Jaouaiy  and  t'cbruary,  1802,  Aldini,  a  nephew  of 
(valvani,  obtained  perniissioQ  from  the  government  to  ezpenment  or 
two  crtniitials  whu  vcre  executed  at  iloulugne.  Immediately  aftci 
deaih  the  bodies  were  submitted  to  powerful  galvanic  cxcitatioQ.  The 
muscles  of  the  face  contracted  vigorously  in  such  grimaces  as  to  frighten 
llic  assistants.  The  limbs  were  violently  convulsed,  and  the  bodies 
Acted  05  though  they  would  rise  again  to  life. 

At  Glasgow,  Ure  made  similar  experiments  on  the  body  of  a  crimi- 
nal tltat  liail  been  on  the  gallows  one  hour.  The  applicaltons  were  made 
to  the  spinal  mAirow,  the  phrenic  nerves,  and  the  intercostal  musclei. 
According  to  the  position  of  the  electrodes  the  body  was  bent  forcibly 
back,  the  chest  rose  and  fell  as  in  ibe  act  of  breathing,  and  the  various 
emotions  of  rage,  terror,  des{>air,  were  depicted  on  the  countenance. 
One  of  tlie  spectators  fainted,  and  several  were  obliged  to  leave  the 
room. 

EUetro-phyiialogical  Anatomy. — EUetro-phystoio^ical  anatomy  treats 
ff/  the  fihysiologicai  action  of  muscles  umler  the  inftueme  0/  the  eUdrie 
eurrent  applied  in  such  a  itmy  as  to  produce  contractions. 

Tile  contraction  observed  in  an  Individual  nuiscle,  wlieii  submitted  to 
the  influence  of  the  eleciric  current,  closely  resembles  the  contraction 
of  the  same  muscle  when  under  the  influence  of  the  will. 

Duchcnne  was  the  iirst  to  investigate  this  subject  systematically,  and 
his  researches  have  done  much  to  modify  the  accepted  views  concerning 
the  functions  of  certain  muscles.  Those  who  desire  a  more  complete 
idea  of  his  views  than  is  given  in  the  following  hdcf  resume,  we  refer  to 
bis  writings.* 

Muscles  of  the  Fnce^ Electro-physiognomy. — This  name  has  been 
applied  to  the  study  of  character  aod  expression,  through  localized 
faradization  of  the  muscles  uf  t)ie  face.  Ry  means  of  small  electrodes 
the  current  can  be  localized  so  as  to  produce  contractions  even  in  tha 
smallest  muscles.  For  these  expenments  a  recently  dead  subject  has 
this  advantage  over  the  living  man,  that  in  the  case  of  the  latter  con- 
tractions produced  by  the  current  would  be  complicated  and  interfered 
with  by  involuntary  movements. 

According  to  Dudienne,  who  has  chiefly  investigated  this  subject,  tht 


*  De  1'F.leciruMtinn  Locali«^  et  de  son  Applicntion  &  la  Pathologte  et  &  \».  Thtrft- 
peolKjtie.  Paris,  1X61.  AIu,  Mii:h.itii«ni«  de  la  Phystonomie  llum-iine,  an  Analyn 
Eleelro-pliyrioloeiqni;  de  I'  Eiqirewion  ^ct  Pusioiu  applicable  \,  ta  Priuicine  dcs  Arts 
..n—tiyi.  Fuii,  1863.  Thi(  work  contuiu  photographic  rcprcicntalioiit  of  tbc 
Tfiopi  sp]iearancei  of  [he  face  amier  dectrization  of  the  clifTercnC  m  11  teles.  Thcx 
pl:otO|>Tapht  axe  Trcqucntly  rererred  to  by  Daiwia  in  hii  work  on  £jr/raji«m. 
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frontalis  muscle,  wl^cn  a  little  contracted,  expresses  pleasure ;  when 
more  contracted,  asionisliment  or  doubt;  when  strongly  contracted 
wiih  other  muscles,  terror. 

Conlraction  of  the  pyramidaits  nasi  expresses  sadness ;  of  the  car- 
rugator  supcrnlii,  contemplation  ;  of  the  orbicularis paibebrarum^  coo* 
iffmpt.  Contraction  of  these  two,  united  with  the  pyramidalia  nasi, 
gives  1  hateful,  malicious  expression.  Contraction  of  [he  triangularis 
vasi  expresses  lust ;  of  the  iysomalicus  major,  various  degrees  of  nvirth ; 
of  the  zygomaticus  minor,  inclanclioly  ;  of  the  plaiysma  myoidts,  hypo- 
critical laughter;  of  the  plaiysma  myoides,  pain.  Contraction  of  the 
plaiysma  myoides  zn^  frontalis  gives  an  expression  of  terror.  Coniiac 
lion  of  the  plaiysma  myoides  and  pyramidalis  expresses  rage.  United 
contracuon  of  the  zygomaticus  major  and  frontalis  produces  an  ex* 
pression  of  agreeable  surprise.  Contraction  tA.  the  butcinaior  indicates 
tge,  by  making  furrows  in  the  chcelc. 

Contraction  of  the  levator  alw  and  labti  superioris  causes  an  un- 
pleasant expression,  such  as  a  child  exhibits  when  about  to  cr}' ;  contrac- 
tion of  the  triangularis  oris  gives  an  expression  of  sadnt-ss  or  disgust. 

Contraction  of  the  external  fibres  of  the  orbicularis  oris  gives  the 
li|>s  a  position  of  whislting  or  kissing  ;  contraction  of  the  internal  fibres 
of  the  same  muscle  compresses  the  lips  against  the  teeth. 

Muscles  of  the  Upper  Extremity. — The  contraciions  resulting  from 
eleciri;!acion  of  the  extensors  of  the  fingers  give  to  the  hand  a  peculiar 
appearance. 

'J"he  first  phalanges  not  only  become  extended,  but  arc  spread  apart, 
while  the  last  two  phalanges  become  flexed. 

The  metacarpus  forms  an  angle  with  the  forearm,  and  in  this  condi- 
tion the  hand  resembles,  to  a  certain  extent,  a  bird's  claw. 

Electrization  of  the  extensor  digiti  minimi  pro|)riu3  separates  the  lit- 
tle finger  from  its  neighbor,  while  contraction  of  the  extensor  indicts 
proprius  brings  the  index  and  middle  fniger  togcthci.  By  the  method 
of  localized  electrization  the  adductors  and  abductors  of  the  fingers, 
and  the  interossei  and  tunibricales,  are  found  to  act  not  only  in  draw, 
ing  these  members  together  and  separating  them,  but  also  in  extending 
the  second  phalanx  of  the  Unmib  and  the  second  and  third  of  the  other 
fingers. 

I'he  flexor  pollicis  brevis  is  concerned  in  extending  the  second 
ptialanx  of  the  thumb,  as  well  as  in  llexiug  the  first. 

So  long  as  the  arm  is  in  its  natural  position,  the  supinator  longus  lias 
no  fiinciion  to  perfonn  ;  it  is  only  when  the  forearm  b  prone  ihat  iu 
t>eculiai  action  is  manifest. 
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In  [Hiralysis  of  any  one  of  ihc  above  muscles,  it  is  readily  seen  thai 
the  observation  made  concerning  their  function  is  correct. 

For  example  :  if  ihe  adductor  loiigus  and  extensor  brevis  |)oUicis  be- 
come paralyzed,  the  mctacarfml  bone  of  the  thumb  is  adducted.  If  the 
extensor  longiis  pollicis  is  paralyzed,  Ihe  thumb  is  inclined  towards  Ihe 
raeuurarijus,  although  iis  movements  are  not  markedly  impaired  if  the 
extensor  brcvls  and  adductor  longus  are  strong. 

Electrization  of  the  ddloid  not  only  raises  the  upper  arm,  but  also 
very  perceptibly  changes  the  poMlion  of  the  scajiula.  The  external 
angle  of  ihc  shoulder- blade  becomes  depressed,  the  internal  angle  is 
elevated,  while  the  distance  belweea  its  posterior  spinal  border  and  itie 
ribs  is  slightly  increased.  Fn  paralysis  of  the  deltoid  the  arm  hangs  by 
the  side  almost  completely  helpless.  The  muscle  is  composed  of  three 
distinct  groups  of  fibres,  and  the  degree  of  paralysis  depends  upon  the 
nunibct  of  groups  or  special  group  involved. 

The  pectoralis  major  and  latissimus  dorsi  muscles,  although  situated 
for  the  most  pan  on  the  trunk  of  the  body,  are  especially  nseful  in 
assisting  in  the  movements  of  the  arm. 

MuscUs  0/  the  Trunk, — \Vhen  all  of  the  fibres  of  the  trapezius  are 
submitted  to  electric  excit.ition,  the  shoulder-blade  becomes  elevated, 
its  posterior  border  approaches  the  median  line,  the  shoulders  are 
drawn  backward,  and  the  head  is  thrown  slightly  forward  and  toward 
the  opposite  side.  Like  the  deltoid,  the  trapezius  i»  made  up  of  three 
sets  of  tibres. 

When  Ihc  superior  set  is  electrized  the  head  turns  toward  the  side 
irritated,  and  the  face  looks  toward  the  opposite  side. 

The  middle  set  of  fibres  elevates  the  shoulder-blade,  while  by  the 
action  of  the  lower  set  its  inner  angle  is  depressed,  and  its  posterior 
border  is  drawn  toward  the  median  line.  In  complete  paralysis  of  the 
trapcdus  the  following  symptoms  arc  manifest ;  The  back  is  rendered 
broader,  on  account  of  the  scapula  removing  slightly  from  the  spinous 
processes ;  the  shoulder  becomes  depressed,  and,  on  iiccount  of  the 
absence  of  steady  sup}iort  for  the  arm,  its  movements  are  rendered  ditli 
calt.  KIcctrization  of  the  rhomboideus  major  and  minor  muscles  ele- 
vates  the  scapula  and  slightly  turns  it  on  its  outer  angle. 

if  the  current  be  sufficiently  intense,  Ihe  lower  angle  of  the  scapula 
appioaches  nearer  to  the  spinous  processes  than  the  inner. 

If  the  rhombciideus  muscles  arc  paralysed,  the  scapula  removes  itself 
somewhat  froni  ilic  walls  of  the  thorax,  the  skin  between  ihe  shoulder- 
blade  and  the  spine  api>ears  in  folds,  and  the  lower  angle  of  tlie  bone  \k 
drawn  forward  and  outward,  on  account  of  the  action  of  the  serralu; 
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RDticus  major.  I3y  excitation  of  the  senaius  anticus  major  die  scapub 
is  draun  forward  aiiil  outward,  so  that  tlie  space  b(.'twecn  its  ]i05tcnijt 
border  and  the  spine  ia  doubled.  The  posterior  border  is  pressed 
against  \he  libs,  while  the  anterior  border  is  markedly  removed  from 
thcni. 

When  ihe  muscle  is  paralyzed  the  shoulder-blade  sinks  but  little,  so 
long  as  the  arm  haugs  motionless  by  the  side  ;  but  as  soon  as  it  ii 
moved  from  Die  body  the  posterior  border  and  under  angle  of  ttie 
scapula  are  lifted  from  the  thorax,  while  the  anterior  approaches  it  more 
closely.  In  cumpluie  paralysis  of  ihe  serratus  amicus  the  movements 
of  the  arm  arc  much  impaired. 

A  single  external  intercostal  muscle  may  be  electrized  by  pressing  a 
tniaJl  electrode  against  the  lower  border  of  one  of  the  upper  ribs,  near 
the  origin  of  the  serratus  niagnus  muscle. 

The  individual  abdominal  muscles  arc  readily  influenced  by  electric 
excitation. 

Electrization  of  the  rectus  muscle  so  stretches  and  draws  it  inward 
that  the  abdominal  wall  becomes  flat  Irritation  of  the  external  oblique 
expands  the  abdomen  laterally. 

Ifwc  electrize  the  transverse  abdominal,  powerful  transverse  con- 
tractions of  the  abdomen  follow.  When  both  phrenic  nerv'cs  are  sub- 
mitted to  electric  excitation,  powerful  and  frequent  contractions  of  the 
diaphragm  are  produced.  An  increased  amount  of  air  rushes  into  the 
lungs,  on  account  o(  the  ca|>acity  of  the  thorax  enlarging  through  the 
descent  of  the  dia]>hragm,  and  the  moving  outward  of  the  false  ribs. 
Atrophy  of  the  diaphragm  causes,  during  inspiration,  a  depression  of 
the  epigastrium  and  abdominal  walls,  while  the  thorax  expands  as 
usual. 

AfuscUs  cf  tht  Lower  Hx/remi/Us.^EAcctr'K  excitation  reveals  the 
fact  that  tlexion  and  extension  of  the  foot  cannot  be  produced  by  the 
Bexor  or  extensor  muscles  alone,  since  these  muscles  tend  to  abduct 
and  adduct  as  well  as  dex  and  extend.  The  ficxors  and  extensors 
cause  direct  tlexion  and  extension  only  when  they  act  in  conjunction 
with  certain  oUicr  muscles. 

The  niuvemeuEs  of  Ihe  foot  are  controlled  by  four  sets  of  muscle?. 
These  are  : 

The  tibialis  antlcus,  which  at  the  same  time  6exes  and  adducts  the 
fcot— the  flexor  adductor  muscle,  the  extensor  digiiorum  communis 
!ongus  and  extensor  hallucis,  which  flex  and  abduct  the  foot — the 
flexor  abductor. 

Tbe  gastrocnemius  sotius  and  tibialis  posticus,  which  extend  and 
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Adduc:  the  foot — ihe  cxiensor  adt!iictor,  ami  the  peroneus  longos  ind 
brevis,  which  extend  and  abduct  the  foot — the  extensor  abductor, 

FJccinzalion  of  the  tibialis  antictis,  or,  in  other  words,  the  flexor  ad- 
doctor  muscle,  not  only  extends  and  adducts  the  foot,  but  hfts  the  inncc 
border  of  its  upper  |>ortion  as  vrcM. 

Electrization  of  that  gronp  of  muscles  called  the  flexor  abductnr,  be- 
fidcs  flexing  and  abducting  the  foot,  extends  the  four  last  toes,  lifts  the 
oaler  border  of  the  foot,  turns  the  sole  outward,  and  bends  the  great 
toe. 

Pes  equtmis  maj*  result  from  the  stronger  action  of  the  extensors. 

If  the  flexor  abductor  group  become  paralyzed,  the  movement  of  the 
fool  is  reversed — the  sole  turning  inward  and  the  anterior  portion  turn- 
ing upward 

Eleciri&ation  of  the  extensor  adductor  group  so  extends  and  addnelt 
tlie  foot  that  the  heel  is  directed  outward  and  the  great  toe  inu-ard.  Tlic 
first  phalanges  of  the  toes  become  extended,  and  the  last  flexed,  giving 
to  them  the  form  of  claws. 

Electriution  of  the  extensor  abductor  so  extends  and  aMucts  (he 
foot  that  the  internal  mal1eo1ti.<i  becomes  decidedly  prominent  through 
tbe  sinking  of  the  inner  border  and  the  elevation  of  the  outer  border 
of  the  foot  Paralj-sis  of  this  last-named  group  of  muscles  produces  in 
the  course  of  time  wlut  may  be  termed  a  flat  fool.  This  results  from 
the  disappearance  of  the  arching  of  the  foot. 

In  consequence  of  paralysis  of  the  extensor  adductor  the  foot  natu- 
rally becomes  alidiicied,  the  arch  of  the  dorsal  surface  is  increased,  and 
instead  of  the  flat  foot  above  mentioned,  we  have  a  very  decided  hollow- 
ing out  of  the  pbutar  side. 
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Contractions  are  proJiiced  in  a  vchmiary  muscle  the  instant  the 
[wics  of  a  galvanic  battery,  or  of  an  electro- magnetic  machine  in  oper- 
ation, are  applied  to  it.  The  contraction  of  the  muscle  continues 
during  the  passage  of  y^tfaradlc  current,  but  when  the  galvanic  current 
is  used  quickly  relaxes  after  the  first  shock.  Wljen,  however,  the  intes- 
tines, the  stomach,  the  cc&ophagus,  and  other  parts  which  are  coni)<o5cd 
of  invoiunlary  mnscrilar  fibre,  arc  subjected  lo  the  electric  current,  move* 
nients  arc  not  induced  in  them  until  a  certain  time  after  the  tissue  has  been 
actea  upcn.  The  movements  thus  excited cettiinue  for  a  time  after  the  ees- 
sati&n  of  the  current,  and  do  not,  as  in  the  ease  of  voluntary  wtiseles,  ai 
once  return  to  their  normal  eondition. 

Iris.  —  I-'aradi^ation  of  the  iris,  with  a  very  gentle  current  in  a  room 
that  is  moderately  ilarlceiied,  causes  it  to  be  coustrictnl  or  dilated,  ac- 
cording to  the  iK)sition  of  the  electrodes. 

Stomaeh. — Faradization  or  galvanization  of  the  stomach  causes  gra- 
dual shortening  of  the  transverse  and  longitudinal  fibres  in  the  direc 
lion  from  the  cardiac  lo  the  pyloric  orifice.  Dr.  Rockwell,  in  the  treat- 
ment  of  ]iaralysis  of  the  tesophagus  associated  with  a  sort  of  atony  of 
the  siomach,  has  frequently  had  occasion  to  observe  the  readiness  witli 
which  this  ^ihetiomenon  is  demonstrated  in  the  living  man  by  applica- 
tions directly  to  the  mucous  surfaces  of  the  parts. 

//i/«//«M.— If  finely  i>ointed  electrodes  or  needles,  connected  either 
with  a  faradic  or  galvanic  apparatus,  be  ap])Iied  to  the  intestine  of 
X  living  or  recently  killed  animal,  steady  and  limi  contraction  takes 
place  at  the  points  where  the  electrodes  arc  applied.  Under  a 
mild  current  the  contraction  is  slow,  steady,  and  gradual.  The  intes- 
tines are  tUavrn  up  after  the  manner  of  a  woman's  wurk-bag.  This 
contraction,  though  most  marked  just  at  the  point  where  the  needles 
touch  the  intestines,  is  also  observed  a  little  distance  between  and  on 
the  outer  side  of  the  needles.  Under  strong  currents  this  constriction 
takcfl  place  very  rapidly,  and  goes  on  until  the  calibre  of  the  intestines 
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is  realty  closed.  When  the  electrodes  are  removed  thU  coiulrictior. 
slowly  disappears.  Thcv  phenomena  are  seen  both  :n  the  large  am] 
small  iotcscincsand  in  the  rectum.  The  duodenum  responds  most  rc«id 
iiy,  the  rectum  and  colon  less  &o.  These  phenomena  arc  more  or  lesf 
modified  by  the  condition  of  the  animal,  whether  living  or  dead,  and 
whether  recently  or  long  killed.  This  fact  of  electro-physiology,  which 
has  been  frequently  demonstrated  on  animals,  is  very  suggestive  in  a 
practical  point  of  view.  The  value  of  electricity  in  constipation  is,  in 
view  of  these  observations,  partially  explained. 

Spleen. — When  the  spleen  of  certain  animals,  living  or  recently  killed, 
as  the  dog,  ts  submitted  to  the  action  of  a  tolerably  strong  current, 
either  faradic  or  galvanic,  a  visible  drawing  and  contraction  through- 
out the  entire  extent  of  the  organ,  not  only  where  the  electrodes  are 
applied,  but  between  them  and  beyond  them,  ir*  every  direction,  there  ia 
manifest  shrinking  of  the  tissues,  witli  change  of  color.  This  fact,  which 
Kas  been  disputed  by  some  physiologists,  we  have  demonstrated  in  a  vari- 
ety of  experiments.  The  phenomenon  is  not  so  noticeable  in  the 
spleen  of  the  rabbit  as  in  that  of  a  dog,  and  in  order  that  it  may 
occur  rapidly  and  be  easily  seen,  the  current  used  must  be  of  conuder- 
able  strength.  The  shortening  and  discoloration  of  the  spleen  under 
electrization  appears  to  be  more  or  Icsa  pcmiancnt.  This  physio- 
logical fact  suggests  the  query,  whether  the  enlarged  spleen  of  inter- 
mittent fever  might  not  be  treated  by  electricity. 

Bhiiidtr.- — When  the  filled  or  emptied  bladtlcr  of  a  living  or  recently 
killed  animal  is  acted  on  by  either  current,  of  moderate  strength,  a 
visible  drawing  and  contraction  take  place  tn  vaiious  directions.  The 
tissue  becoiues  5nner  and  harder,  the  cavity  diminishes,  and  if  it  con- 
tains urine  a  portion  of  it  is  expelled.  This  electro  physiological  fact 
is  utilized  in  cases  of  paresis  and  par.ilysis  of  the  bladder. 

Utents. — ^I'he  uterus  of  animals  and  of  the  human  being  contracts 
after  the  manner  of  the  intestines,  blai]<1cr,  and  other  involuntary  nniaclcs. 
Whatever  iwlc  is  used,  or  in  whatever  direction  the  current  be  applied, 
contraction  lakes  place  whenever  the  current  is  applied,  whether  the 
uterus  is  or  is  not  in  a  gravid  condition.  Hoth  faradization  and  gaivam- 
caiion  have  this  slow  contracting  influence  on  the  uterus. 

In  the  chapter  on  Diseases  of  Women,  llic  very  interesting  and  im 
portant  practical  applications  of  tliis  i>hysio logical  fact  will  be  pointed 
mil  in  detail.  It  applies  especiaUy  to  the  electrical  treatment  of  nie> 
tritis  and  uterine  engorgements. 

Ureters. — The  ureters  are  constricted  and  shortened  by  electrization, 
atxl  as  in  the  case  of  the  utenis,  the  intestines,  and  ihe  fpleen,  iJtc  con- 
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tractions  take  place,  according  tu  tUc  laur  of  their  ph>'slologtcal  action 
from  the  kidneys  toward  tlie  bladder,  and  the  contractions  continue  afto 
the  electrodes  are  removed. 

Fas  Deftnns^Epididymus,  and  Tunica  VagtHalis, — When  the  electric 
current  is  applied  to  the  vas  deferens,  the  epidtdynnis,  or  the  scrotum, 
they  Hkewise  contract  after  the  manner  of  the  intestines,  uterus,  and  so 
forth.  The  scroluni  contracl5  r.ipiilly,  aliTio<it  inslantancoiisly,  under  a 
strong  current,  and  remains  contracted  for  some  time,  as  we  have 
demonstrated  on  rabbits  and  dogs,  and  on  the  living  human  being. 

GaU-^Uidder. — When  a  current  of  coijsiderabic  strength  is  applied  to 
the  gall-bladder  by  pointed  electrodes,  constriction  takes  place  at  the 
points  of  application,  and  the  whole  bladder  tends  to  contract,  and. 
like  tlie  urinary  bladder,  to  discharge  its  contents.  It  is  not  impossible 
that  a  powerful  current  sent  through  the  liver  of  the  living  sabject, 
by  external  applications,  may  cause  contraction  of  the  gall-bladder  ; 
and  in  this  way  we  may  in  part  explain  the  value  of  electrical  treat- 
ment in  jaundice. 

iEipphagus. — In  rodents  the  cesophagus  consists  of  strii>ed  muscle 
QDly  ;  in  birds  it  consists  of  unstnped  muscle,  and  in  man  of  a  com- 
bination of  both  slripe<I  and  unstripcd  muscle.  Both  sets  of  fibres, 
longitudinal  and  circular,  contract  under  the  current,  not  only  at  the 
|K)ints  where  the  electrodes  are  ajiplied,  hut  through  the  whole  length 
downward  toward  the  stomach.  In  the  treatment  of  dysphagia  this 
fact  may  well  be  considered. 

Heart. — 'ITie  effect  of  clcctriiation  of  the  pncumogastric  and  other 
nerves  that  supply  the  heart  lin.s  already  been  considered.  The  effect 
of  direct  electrization  of  the  tissue  of  the  heart  itself  is  not  without 
interest.  Galvanization,  with  currents  of  moderate  strength,  of  the 
heart  of  an  animal  ti),Tt  ha:3  scop|)ed  beating,  may  cause  a  return  of  its 
rhytlimtcal  action.  It  has  been  sometimes  observed  that  the  contrac- 
tions return  more  vigorously  in  the  right  than  in  the  left  side.  Accord- 
ing to  our  observation,  in  the  hearts  of  dogs  and  rabbits  much  depends 
on  the  strength  of  the  current  used.  If  a  strong  current  were  directed 
through  pointed  electrodes  to  the  substance  of  a  heart  of  a  dying 
animal,  the  pulbations  are  in  part  arrested,  but  they  recur  as  soon  as 
this  current  is  broken.  These  conclusions  arc  based  on  a  large  number 
of  observations.  UTicn  the  heart  has  fully  stopjied  it  may  be  restored 
by  a  weak  current,  and  again  arrested  by  a  strong  current. 

Blood-vessels. — The  small  arteries  that  contain  considerable  unstriped 
muscle  contract  under  the  current,  after  the  manner  of  the  intestines . 
that  is,  tlie  contraction  does  not  appear  instantaneously,  but  a.  little 
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time  after  the  needles  are  applied  it  goes  on  slowly,  and  afler  the 
'needles  are  removed  they  gradually  return  to  their  uormal  condition.     In 
the  larger  arteries  tliis  contraction  is  not  so  marked. 

It  wiU  be  observed  that  electricity  acts  on  unstripcd  tnuhcutar  fibre, 
in  lliis  respect  at  least,  very  nmcli  like  ergot.  The  power  of  ergot  to 
consiringe  lUe  blood-vessels  is  the  explanation  of  its  great  value  as  a 
remedy  in  spinal  and  cerebral  congestion.  The  efficacy  of  electrization 
in  the  aamc  affections,  as  well  as  in  sprains  and  various  local  inflamnia- 
tions,  may  be  in  part  cxplaine<)  by  the  same  tticury.  This  subject  will 
be  discussed  in  the  chapters  dtn'olcd  to  the  Influence  of  Elcciriciiy  on 
Nutrition  and  Spinal  Congestion. 

The  above  conclusions  arc  based  largely  on  our  own  experiments, 
although  many  of  (he  observations  had  been  previously  made  by  various 
physiologists. 

There  were,  however,  certain  cpicries  in  regard  to  the  differentia] 
action  of  the  poles,  and  of  the  two  currents,  and  of  weak  and  strong, 
OD  involuntary  muscle,  that  had  not  been  answeied.  These  queries 
have  aimed  to  solve  by  a  large  numb>L>r  of  experiments  on  animals. 
The  records  of  one  set  of  tliese  experiments,  noted  at  the  time  by  our 
fiiend  Ur.  John  Van  Bibber,  of  Baltimore,  are  herewith  presented.  It 
will  be  observed  that  the  chemical  and  other  effects  of  the  curreot, 
besides  the  contracting  influence,  are  noted. 

Experiment  i. — Tlie  abdominal  cavity  of  a  good-sized  rabbit  was 
tf^ncd,  ajid  a  medium  faradic  current,  with  needle  cli:clrodL*s,  was 
applied  to  the  upper  part  of  the  small  intestines.  Contraction  produced 
most  vigorous  at  the  ^lositive.  A  vermicular  motion  was  also  observed  not 
only  in  the  part  within  the  circuit,  but  extending  some  distance  beyond 
each  pole.  l*he  rabbit  was  fully  under  ether,  and  the  only  other  mus- 
cular movements  were  cardiac  and  respiratory.  The  color  of  intc*. 
lines  was  normal  and  healthy,  and  was  undisturbed  during  this  operation. 

Experiment  2. — A  galvanic  current,  sixteen  cells,  was  now  applied, 
irith  needle  electrodes,  a  Uttle  below  point  of  first  experiment.  There 
was  an  immediate  change  in  the  circulation  of  the  part.  It  became 
darker  and  venous  in  its  appearance,  presenting  the  appearance  of  a 
'dot.  The  intestines,  before  so  fl.iccid  as  to  render  the  insertion  of  a 
needle  difficult,  became  very  full  and  hard.  The  negative  pole  «*a9 
loose  in  the  tissues,  with  bubbles  of  hydrogen  generated  around  it,  and, 
on  the  other  hand,  the  positive  pole  became  very  firm  in  its  insertion, 
with  e^ndent  constriction  of  muscular  6bre  around  it. 

The  first  effect,  therefore,  seemed  to  be  congestion,  and  afterward 
coagulation. 
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Uxptrimeiit  i- — On  stomach,  with  galvanic  ciLTCnt,  sixteen  celU 
In  region  of  positive  pole  the  circul:ir  tibres  are  much  contracted,  and 
tiie  iame  disintegrating  effects  of  negative  jwlc  were  observed. 

Kxperiment  4. — Faradic  current  on  large  iutesllDe.  Contraction  uf 
muscular  fibres  was.  observed,  and  thoug't  to  be  greater  at  po&itive 
pole. 

Experiment  5. — ^Farodic  current  on  spleen.  The  smooth  surface  uf 
tlul  organ  was  soon  corrugated,  lending  to  show  that  the  tissues  wci^ 
contracting  under  its  intlucnce. 

Experiment  6. — Galvanic  current  on  spleen.  Generation  of  hydro- 
gen at  negative  pole,  also  congested  appearance,  and  after  removing 
needle  very  dark  spot  at  negative  pole. 

Experiment  7.-~FaTadic  current  on  bladder.  The  bladder  was  par. 
lially  filled  with  urine,  and  when  tlie  current  was  applied  there  was 
great  and  inmiediate  contraction  of  muscular  fibres  and  expulsion  uf 
urine. 

Experiinent  S. — On  left  kidney,  faradic  currenL  Muscle  con- 
iractctl,  and  seemed  lu  be  i>eruianeutly  su,  at  least  during  observation. 

Right  kidney,  galvanic  current.  Same  effect  at  negative  pole,  dark 
congested  spot  ;  but  during  |Ki3sage  of  current  the  bladder,  which  liad 
been  much  contracted  by  faradic  cuncnt,  seemed  to  nil  up. 

Experiment  9. — On  liver.  No  action.  The  rabbit  seemed  to  sliow 
remarkable  vitality,  and  it  was  necessary  to  renew  ether  very  frctiucntly. 
It  was  determined  then  that  tlie  electricity  seemed  to  prolong  life,  even 
after  it  had  been  so  taxed  by  anatomical  mutilation. 

The  conclusions  from  a  large  variety  of  ex|)enments,  of  wliich  the 
above  is  a  fair  illustration,  are  these  : 

I.  Both  airrcnts — faradic  and  galvanic — cause  an  unstriped  muscle 
to  contract  in  accordance  with  the  taw  of  its  physiological  action.  It 
remains  contracted,  and  after  the  breaking  of  the  current  gradually 
returns  to  its  nurtual  condition. 

a.  The  time  when  die  contraction  begins,  and  the  vigor  with  which 
it  continues,  and  the  rapidity  with  which  it  returns  to  its  nomial  condi* 
tion,  after  the  breaking  of  the  current,  varies  with  the  organ  acted  on, 
with  the  strength  of  die  current,  and  with  the  condition  of  the  animal 
acted  on,  whether  living,  dying,  recently  or  long  dead 

3.  The  poiitive  pole  luis  a  more  powerful  contracting  influence  on 
unstriped  mtiscies  than  the  negative.  The  differential  action  of  the 
poles  is  seen  in  both  currents^  but  is  more  decided  with  the  galvanic 
'I'his  fad  we  were,  we  believe,  the  first  to  discover.  This  fact  of  the 
more  potent  action  of  the  positive  ]>olc  on  unstriped  muscle  is  of  con. 
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siderabtc  slgi)i5cation  in  the  treatment  of  engorgements  of  the  uterus 
etc     It  will  be  discussed  in  the  chaptt^r  on  Diseases  of  Women. 

4.  Unstriped  muscles  can  also  be  made  to  contract  by  raradization 
or  galvanuation  of  the  nerves  and  iierve- plexuses  tliat  Etipiily  Uicm — 
indirect  clcctriration. 

S-  The  behauor  of  the  different  organs  that  arc  sujij  lied  with  un 
striped  muscles  under  eleciruation  deijends  on  the  relative  amount  of 
muscle  in  their  tissues.      The  intestines,  the  scrotum,  contract  rapidly 
KiiO  vigorously ;  the  spleen  and  arteries  less  perceptibly  and  more  slowly. 

The  liver  and  lungs  do  not  apparently  contract  under  either  cuncnu 
The  electrolytic  action  of  tlie  current  is  observed  in  these  organs,  as 
in  all  other  tissues. 

6.  The  differential  reaction  of  voluntary  and  involuntary  muscle  to 
the  current  is  mainly  a  matter  of  dtgru.  Hoth  kinds  of  muscle  con- 
tra£t  in  accordance  with  the  law  of  their  physioloj^'icat  action,  undet 
both  currents,  and  both  return  to  their  normal  condicion ;  but  involuo- 
,  lary  muscle  returns  very  slowly,  while  voluntary  muscle  returns  rapidly, 
'gilniost  instantaneously.  When  voluntary  muscles  have  become  greatly 
exhausted  through  faiigi::  or  dcatli,  they  behave  very  much  like  invol 
untarv  muscles. 


CHAPTER  IX. 

ACnOM  OF   ELECTRICn-y  ON  TItK   BLOOD. 

The  action  of  the  gaUanic  cTirrent  on  the  blood  is  a  subjecl  to 
which  we  have  given  at  different  limes  considerable  attention.  BIcod 
coagulates  so  quickly  after  leaving  the  living  body,  that  the  action  oi 
electricity  ujwn  it  can  only  be  studied  with  satisfactioa  when  the  elec 
trodes  are  placed  within  an  artery  or  vein,  or  in  a  current  of  blood  as 
it  flows  from  the  wounded  blood-vessels  before  the  process  of  coagula- 
tion has  set  in.  We  have  experimented  on  blood  with  the  gal- 
\Tin'c  current  in  both  ways. 

When  the  needles  connected  vnth  the  poles  of  a  galvanic  battery  are 
inserted  into  the  feebly  flowing  blood  of  a  wounded  animal,  electroly- 
sis at  once  lakes  place  with  differential  polar  action  of  a  striking  char- 
acter. At  the  positive  pole  a  small,  firm,  and  dark  clot  forms  that 
adheres  closely  to  the  needle,  especially  if  it  be  slecl  that  is  readily  oxi- 
dized. At  the  negative  pole  a  larger,  softer,  lighter,  yellowish  c)ni 
foiins,  with  a  mixture  of  foaiii  or  froth  from  the  bubbles  of  hydrogen. 

If  the  current  be  strong,  and  ihc  operation  protracted,  the  positive 
BteeJ  needle  will  become  either  destroyed  by  oxidization  or  greatly 
reduced  in  siie. 

From  the  above  it  will  be  seen  that  the  action  of  electricity  on  the 
blood  is  mainly,  if  not  entirely,  of  a  chemical  character — in  a  word, 
electrolysis,  or  electro-chemical  decomposition.  Golubew  and  Hiirdon- 
Sanderson  liave  studied  the  effect  of  faradization  on  the  bloo<l -corpuscles 
under  tlic  microscope,  and  KoUet  and  Neuman  have  studied  the  same 
lindcr  the  influence  of  the  galvnnic  current.  It  has  been  shown  that 
the  red  corpuscles  of  the  blood  are  discolored  by  the  alkalies  of  the 
negative  pole,  and  caused  to  shrink  by  the  acids  at  the  positive  )>ulc. 
Under  the  discharges  of  the  Lcydcn  jar  the  red  corpuscles  change  ihcii 
shape-and  lose  their  color. 

March  lith  and  74th,,  1871,  Dr.  Be.-ird  made,  with  Dr.  E.  I«  Kej-es, 
a  number  of  experiments  on  dogs,  in  order  to  determine  the  differcn 
dal  action  of  the  poles  in   producing  a  clot-     One  method  of  ex 
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perinienting  was  to  etherize  the  animal,  open  the  abdomen  through 
the  Unea  alba,  and  expose  the  aorta,  into  which  needles,  insulated  with 
hard  rubber  up  near  to  ihcir  |>oinls,  and  connected  with  both  poles, 
were  introduced.  In  some  cases  llie  artery  was  '•onslricted,  in  others 
not.  We  condense  ihe  record  of  the  experiments  Trom  the  published 
statemenls  of  Dr.  Keyes,*  based  mainly  on  notes  made  at  the  time 
by  the  ph^'sicians  who  co-operated  with  lis. 

ExfKRiMENT  I. — iSfarch  \'f\\\.  A,  small  dog  was  etherized,  the 
abdomen  laid  open  tlirough  the  linea  alba,  and  the  aorta  exposed. 
Poative  and  negative  needles,  insulated  (imperfectly)  with  hard  nibbcr, 
were  introduced  into  the  aorta  about  one  inch  apart.  Both  needles 
were  of  steel,  gold  plated  at  the  points.  The  negative  needle  was  acci- 
dentally run  through  the  artery,  and  emerged  into  the  muscle  beneath. 
The  current  froin  sixteen  cells  of  a  StShrcr's  battery  was  passed  for  ten 
minutes.  The  artery  was  not  compressed.  Blood  Uowcd  through  it  at 
great  force. 

RtsuU. — Bloody  foam  surrounded  the  negative  needle,  the  blood 
emer>;ing  from  the  artery.  Needle  loo^e.  It  dropped  out,  the  blood 
followed. 

Positive  needle  adherent  to  arter)-,  requiring  a  little  force  to  pull  it 
■tway-  Artcr}'  was  cut,  before  the  needle  was  removed,  to  look  for 
clot.  No  clot  discovered  in  the  vessel.  A  little  black  material  was 
found  adherent  to  the  wall  of  the  artery,  and  to  the  posidve  needle  at 
ihe  point  of  entrance.  Tlie  lining  membrane  of  the  artery  was  altered 
.itnd  discolored,  wherever  either  needle  had  touched  it,  over  a  space 
[sbout  one  and  a  half  line  in  diameter. 

ExpEBiMEXT  IV.— Medium-sized  dog  etherized.  Positive  needle 
(platinum),  insulated  with  hard  rubber,  was  placed  in  the  artery.  Nega- 
Dve  needle  (platinum),  insul.itcd  with  shellac,  In  muscles  near  the  spine. 
I  Eighteen  cells  Stohrer.  Time,  ten  minutes.  Current  of  blood  about 
three- fourths,  arrested  through  the  artery,  by  compression  with  thumb 
and  fingers,  one  inch  above  and  below  the  needle. 

Retult. — Finn  black  clot  outside  of  the  vessel  at  point  of  the  crv 
trance  of  needle,  and  where  the  opposite  wall  was  touched  by  the 
needle's  ]K>int.  Inside — firm,  black  clot,  adherent  to  the  wall,  but  not 
large  enough  to  obliterate  the  vessel. 

Lining  membra  le  of  artery  Uluc-black,  and  coats  of  %TS5cl  adherent 
And  condensed  at  point  of  entrance  of  needles,  and  where  opposite  wall 
fiad  been  touched.     Needle  not  much  acted  u|>on.     K  little  tlake  oi 
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hard  riil»ber  came  rff,  and  was  left  attached  to  the  c\ot.     A  few  bubble! 
of  oxyjien  escaped  from  the  vessel  alongsi*ic  the  needle. 

KxpERiMENT  VII. — Positive  needle  gold,  non-insulated.  Negative 
needle  steel,  non  insulated.  Hoth  in  vessel.  Sixteen  cells  Time 
ten  minutes. 

/lisiiU. — Clot  same  at  the  positive  pole  as  in  Kxperitncnl  IV.,  but 
action  on  lining  membrane  was  much  less  than  In  that  experiment. 
Gas  escaped  at  negative  nccclle.  No  clot  at  negative  nectlle.  Artery 
compressed  only  below,  circulation  arrested. 

Experiment  XI. — ^Renal  artery  of  dog  was  cut,  and  blood  allowed  to 
flow  into  peritoneal  cavity.  As  it  flowed,  negative  and  positive  steel, 
non  insulated  needles,  connected  with  eighteen  cells,  were  dipped  into 
it  Action  commenced  at  once.  A  dark  clot  formed  about  positive 
needle,  and  a  light  foam  around  negative.  At  the  end  of  one  minute, 
at  the  positive  needle,  a  black  clot  had  formed,  a  quarter  of  an  inch  in 
diameter,  dense  enough  to  be  lifted  oul  of  the  fluid  on  the  point  of  tlic 
needle,  and  to  sustain  its  own  weight.  At  negative  needle  there  was  a 
spumous  ycUow  mass,  which  could  be  lifted  in  part  from  the  blood  on 
tlic  needle's  point,  but  which  Itad  no  consistence  whatever. 

The  experiments  were  continued  with  Dr.  Keycs,  at  the  slaughter- 
house, the  needles  being  placcil  in  the  wanu  bluod,  as  it  flowed  from 
the  arteries  of  dying  animals.  These  experiments  were  performed 
under  great  difficulties,  and  at  some  risk  of  being  kicked  by  the  expiring 
bullocks,  and  did  not  therefore  lead  to  any  important  residts. 

Blood  coagulates  so  quickly  after  it  leaves  the  body  that  when  we 
wiyh  to  deterniine  the  chemical  action  of  the  electric  current  on  it,  it  is 
necessary  to  introchice  the  needles  into  the  vessels  of  the  living  animal, 
or  into  the  blood,  just  as  it  is  flowing  from  the  vessels. 

During  the  winter  of  1873  Dr.  Beard  made,  with  the  .assistance  of  Dr. 
J.  H.  Raymond,  similar  experiments  on  dogs  and  rabbits.  The  animals 
were  etherized,  cut  open,  and  the  needles  (platinum)  inserted  into 
different  arteries  and  veins.  In  some  cases  also  the  arteries  were  nii»* 
tured,  and  the  needles  were  introduced  into  the  pool  of  blood  before  it 
had  time  to  coagulate. 

The  conclusions  in  regard  to  the  electro-coagnlability  of  the  blood, 
to  which  we  have  been  led  by  thc«e  repeated  experiments  on  animals 
and  on  men  are  these  : 

I.  Both  poles  of  the  galvanic  current  cause  a  clot  in  blood,  eithei 
running  in  an  arterj*  or  vein,  or  freshly  drawn,  and  stationary. 

a.  The  positive  clot  is  black,  hard,  and  small ;  the  negative  do' 
'5  light,  soft,  and  bulky. 
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3.  These  dots  are  the  result  of  the  electrolytic  action  of  the  currene, 
wtih  ihc  cvohilton  of  oxygen  and  hydrogen,  of  acids  and  alkalies,  and 
their  subsequent  combinations. 

4.  I'he  largest  clot  and  most  satisfactory  observation  in  an  artery  ir 
caused  when  both /i)/^/ are  placed  within  the  blood-vessel  and  near  t& 
geiher.  The  reason  of  this  is,  that  when  the  poles  are  near  together  in 
the  blood,  the  resistance  is  very  much  less  than  when  one  of  tht;  yolei 
U  on  the  surface. 

5.  In  onlcr  to  produce  a  firm  clo!  of  sufficient  size  to  obstruct  a 
Urge  artery,  strong  cimrcnts — from  ao  to  40  cells — are  required,  and 
iiuite  protracted  stances.  The  process  of  coagulation  under  the  cur 
rent  U  comparatively  a  slow  one. 

6.  Electro-coagulation  in  a  blood-vessel  is  aided  by  any  compression 
that  impedes  the  rapidity  of  the  (low  of  the  blood.  The  slower  the  cur- 
rent runs,  the  more  rapid  and  firm  the  coagidation.  Small  and  recent 
clots,  especully  those  connected  with  the  negative  jiolc,  may  jMissibly 

)e  washed  off.     X''C  practical  bearings  of  these   conclusions  on  the 
'electrical  treatment  of  aneurisms  will  appear  in  the  section  on  Electro 
Surijciy. 


CHAPTER  X 


ELECTRO-CON  DUCnvmr  OF   THE   HUMAN    SODT. 


The  diicf  constituent  in  the  human  body  ts  water,  which  is  aboai 
tlircc-fourihs  of  its  average  weight.*  The  saline  constituents  which  the 
water  IioUts  in  sohilion  vary  in  quantity  and  quality  in  the  different 
tissues  and  the  different  parts  and  organs  of  the  body. 

The  conductibility  of  ihe  body,  as  a  whole,  may  be  best  understood 
by  regarding  it  as  a  mass  of  water  and  saline  ingredients,  with  solid 
tissue  inters] lersed.  The  degree  of  resistance  to  the  airrent  that  differ- 
ent [inrts  of  the  body  offer  will  therefore  depend  on  their  structure. 
Those  parts  which,  like  the  bones  and  epidermis,  contain  little  water, 
will  offer  a  mueli  greater  resistance,  and  be  poorer  conductor?,  than 
those  parts  which,  like  the  muscles,  nerves  and  tendons,  and  carti* 
tages  contain  a  large  percentage  of  water.  Soft  parts,  like  the  stomach, 
intestines,  and  mucous  membranes  in  general,  offer  comparatively 
little  resistance,  because  they  contain  so  large  a  percentage  of  saline 
solutions.  Saline  solutions  conduct  better  than  simple  water,  and 
warm  saline  solutions  conduct  belter  than  those  which  are  cold. 

The  human  body,  as  a  whole,  conducts  electricity  jifiitn  to  tattnty 
times  belter  than  pure  cold  water,  provided  the  skin  is  thoroughly  moist- 
ened. It  owes  this  superior  conductibility  to  the  warm  saline  solutions 
which  it  contains.  According  to  recent  experiments  by  Richardson, 
the  blood  is  the  best  conducing  material  of  the  body. 

Percentage  of  Water  in  the  Tissues, — To  ascertain  the  relative  jmy 
portion  of  water  in  the  different  tissues  of  the  body  is  a  subject  that 
has  occupied  a  number  of  obsenfers.  Tlie  results  of  the  different  inves- 
tigations do  not  agree  mathematically,  for  the  reason,  partly,  that  indi- 
viduals differ  in  the  water-holding  capacity  of  their  rissues,  as  in  all 
other  respects. 

The  following  table  f  gives  at  a  glance  the  results  of  the  different 
investigators : 

"  Pereim.  Fix^  ami  Did,  Am.  ed.,  p,  39. 

\  Ziemsicn,  Di*  JiUrtrieUSi  in  der  Mfdittn.  vlcrte  gan:  nmgeftrbeltele  AufU^ 
Cnt«  Hairte.  Vw  tS.     1873. 
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FCRCEKTACB  OP  WATER  IN  THE  TISSUES  Of  TBE  HUMAN  BODY. 


Blood 

Gnj  matter  of  the  brain. , 

White    "      "    '•     •*    

Gny  mallei  of  spinal  card 

While    ••      "      "        "     

Xerve  matter 

MuKlc 

liver  

Elastic  timic    

Fally        "      

f  cornea 

CoooectiTe  tttBue  v  skin 

(  MfrAau/, . . . 


Boi 


parietal 


Adulu. 

80^5  

(E.  Utsriioir) 

85.0  1 
(lASsaig)  I    77.a     

73.0  [(Ranke) 
(Las«ig)  J 

(Lt  H*rit)       7a8    ... 

A5.0  (Ranke) 

(Von  Fibra)J 

77-0  39.6S.... 

(Ranke)        (Von  Blbra) 

Si.s-84.8 

(Ranka> 

76.1   

(Von  Bibn) 

7«4 

(Schultze) 

80.9 

(Ranke] 

75-8 

(Hb) 

S7-S-         79.1 

(WiciiliuU)    (Kanke) 

14-16 

(FriefllcbenJ 


N«*>boniclii 
85.0 

(Bhchoff) 

g8.6 
(BischoA) 


8t.8 
(Biwhofl) 

64-5 

(Von  Bibn) 

S7.S 
(BiKlioff) 

82.5 
(Oldmana) 


18-29 

(Fiic<llet>en) 


An  examination  of  the  above  table  shows  clearly  these  two  facts: 

1.  The  percentage  uf  water  in  the  difTerent  tissues  of  the  human 
body,  excepting  the  skin  and  bones,  is  almost  uniform — ranging  be- 
tween 70  and  go.  The  [jercentage  of  water  in  the  skin  is  ahiiosl  two- 
thirds  as  great  as  in  the  brain,  spinal  coni,  and  nerves,  in  the  bones 
the  percentage  of  water  is  one-fifth  that  of  the  soft  tissues. 

2.  There  appears  to  be  more  water  in  the  tissues  of  new-born  chil- 
dren than  in  adults.     The  difference,  however,  is  but  tricing. 

Investigations  of  a  similar  character  have  been  made  on  the  tissues  of 
oxen,  dogs,  frogs,  cats,  hares,  and  rabbits ;  the  results  do  no!  differ  mate- 
rially from  those  obtained  on  the  tissues  of  human  beings. 

Compared  witli  a  number  of  met.-iIUc  substances,  the  human  body 
is  an  exceedingly  poor  conductor.  Thus  it  has  been  estimated  that 
copper  is  several  thousand  million  times  a  better  conductor  than  the 
human  bo<ly. 

Dr.  C.  B.  Radcliffemade  three  experiments,  in  which  he  measured  the 
rcfistance  of  nerve,  tendon,  and  muscle,  as  nearly  of  the  same  shape 
and  siic  as  possible.  The  pieces  were  taken  from  the  sciatic  nerv-e, 
the  lendo-AchiLIis,  and  the  adductor  longus  of  a  recently  killed  rabbiL 
Hr  found  the  mean  resistance  of  one  inch  of  the  sciatic  nerve  to  be 
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40,000  units  (seep.  66) — that  is,  about  eight  times  the  resistance  of  the 
Atluntic  cable;  of  the  tendon,  38,000  units;  and  of  the  muscle,  13,00a 
uuits.* 

Bcnes  and  Skin  pmr  Conductors. — It  should  never  be  forgotten  that 
ihc  cpiclermis,  in  a  dry  state,  is  a  poor  conductor.  In  practice  this 
resistance  of  the  epidermis  is  overcome  by  thoroughly  moistening  it. 
The  hair  and  nails  arc  aUo  poor  conductois.  In  making  applications  to 
the  top  of  the  head  it  is  necessary  la  thoroughly  moisten  the  hair.  The 
bones  contain  less  water  than  the  soft  parts,  and  are  consequently  poorer 
conductors.  Soft  jKirts  which  are  thus  enclosed  in  a  bony  covering  are 
less  powerfully  affected  than  soft  parts  which  are  not  so  enclosed. 

The  Cvrreni  tends  to  take  the  shortest  Way  hetioeen  the  Eleetrodes. — 
The  electric  current  always  takes  the  shortest  and  most  direct  cour>« 
from  one  jiolc  to  the  other,  provided  ihe  media  intervening  between  the 
electrodes  is  of  a  uniform  conductibility.  When,  therefore,  the  positive 
electrode  i^  applied  to  one  part  of  the  body,  and  the  negative  to  the 
other,  the  current  would  diffuse  itself  uniformly  between  the  poles, 
provided  the  structures  of  the  body  between  them  were  uniform.  But, 
OS  has  been  seen,  the  different  parts  of  the  body  vary  widely  in  regard 
to  their  conductibility, — those  which  contain  a  large  quantitj*  of  saline 
solutions  being  good  conductors,  and,  vke  versd^  those  which  contain 
a  small  quantity  being  poor  conductors, — the  difference  of  conductibility 
between  luuscle  and  bone  being  nearly  twenty  to  one. 

The  current  docs  not  affect  all  parts  alike.  The  extent  to  which  any 
part  is  directly  reached,  when  the  current  is  applied  over  the  siufacc, 
will  depend  both  on  its  structure  and  its  situation. 

Soft  parts,  which  contain  a  large  amount  of  water,  like  the  brain, 
spinal  cord,  and  abdominal  \-iscera,  are  good  conductors,  \ru\  unless 
their  situation  is  unfavorable,  they  are  directly  and  powerfully  affected 
by  the  current,  when  applied  to  the  surface  by  means  of  moit^t  conduct 
ors.  On  the  other  hand,  bone,  which  contains  a  much  less  iKrrccntage 
of  water  than  the  muscles  and  soft  parts,  is  comparatively  a  poor  con- 
ductor. Accordingly,  soft  parts  which  are  partially  or  entirely  enclosed 
by  bone  are  much  less  readily  affected  by  external  applications  than 
would  be  the  case  if  they  were  exposed. 

.\noiher  Intimate  inrerencc  from  the  accepted  theories  of  the  nature 
of  electricity,  and  from  what  we  know  of  the  relative  conductivity  of 
the  different  tissues  of  the  body  is,  that  when  electrodes  are  placed  on 
the  surface  of  the  bodv  the  current  moves  between  them  in  a  kind  of 
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ondulative  or  wave-Hkc  manner,  extending  on  both  sides  of  the  median 
line  between  them  for  a  considerable  distance. 

That  these  theories,  in  regard  to  the  electro-conductivity  of  the  body, 
are  sound,  is  proved  in -three  ways: 

z.  By  experinient  on  the  living  subject 

3.  By  direct  experiment  with  the  galvanoscopic  frog  and  reflecting 
galvanometer  on  the  dead  subject. 

3,  By  the  evidence  of  pathological  cases. 

That  the  tendency  of  electricity  is  to  lake  the  shortest  road  between 
the  electrodes,  is  proved  by  the  foltDwirig  experiment :  The  two  fore- 
anns  are  crossed  so  that  they  touch  each  other  a  little  distance  above 
the  wrist.  Placing  now  one  electrode  on  the  outer  surface  of  each  arm, 
and  letting  the  galvanic  current  run,  a  feeling  of  heat  and  pricking  is 
felt,  not  only  beneath  the  electrodes,  but  also,  to  a  less  degree,  at  the 
^/ar  surfofts  0/  the  forearms  where  they  ioueh  each  other.  On  rciiiov* 
ing  the  electrodes  it  is  observed  that  not  only  the  spots  beneath  the 
electrodes,  but  also  the  sjmts  where  the  arms  touched,  have  become 
reddened. 

This  shows  that  a  portion  of  the  current  takes  the  shortest  way  from 
one  electrode  to  the  other,  altl)ough  that  road  lies  through  two  layers 
of  epidermis,  which  is  a  very  bad  conductor. 

A  portion  of  the  current,  in  this  cxiieriment,  goes  up  the  arm.  across 
the  body,  and  down  the  other  ann. 

In  order  to  ascertain  what  proportion  of  the  current  took  the  route 
across  ihe  arras,  Ziemssen •  made  the  following  experiment:  Piming 
one  forearm  over  Ihe  other,  as  in  Erb's  experiment,  he  placed  between 
them  two  plates  of  zinc,  connected  with  a  delicate  reflecting  galvanom- 
eter (sec  Electro- Physics,  page  41).  The  result  of  the  experiment,  when 
ao  elements  were  directed  across  the  arms,  was  a  detk-i:iIoii  of  llic 
needle  36.3*.  The  same  arrangement  made  on  the  dead  body  gave, 
with  10  elements,  a  deflection  of  8.5*  ;  with  i5clemenis,  a  deflection  of 
19.7*;  with  20  elements,  28.2*.  On  separating  the  forearm,  so  that 
the  whole  current  must  run  around  through  the  arms  and  body,  he 
found  that  with  10  eleinenls  there  was  a  deflection  of  15.9*;  with  15 
elements,  a  deflection  of  31.7*  ;  with  ad  elements,  a  deflection  of  48.5*. 
The  concltifion  was  that  in  eadi  experiment  one-half  of  the  current 
went  across  through  the  forearms,  and  the  other  half  up  and  down  the 
arms  and  through  the  body. 

Evidence  of  Pathohgieai  Cases. — ^\'hen  ihc  spinal  cord  is  in  a  condJ 
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lion  uf  hcoltl),  a  powerful  current  mny  be  applied  down  the  bacic  villi- 
out  discomfort ;  but  in  cases  of  myelitic,  spinal  congestion,  and  othci 
morbid  stales,  very  marked  and  peculiar  sytnptoiiis  arc  sometimes  ob- 
served. We  have  seen  a  case  of  tnyelitis  when  even  a  very  mild  faradic 
current  over  the  spine,  near  the  supposed  seat  of  the  disease,  caused 
severe  pain  in  the  right  leg  that  continued  for  several  hours.  Such  a 
phenomenon  is  never  observed  in  health.  The  fact  that  it  docs  occur, 
especially  when  the  electrodes  are  not  placed  near  any  promineni 
ncfvcs,  shows  very  clearly  that  the  current  affects  the  spinal  cord  in  a 
more  direct  way  than  Uyniere  reflex  action. 

The  sensations  of  the  patient,  and  the  results  of  treatment,  also  show 
that  the  stomach,  liver,  spleen,  intestines,  and  the  genital  organs  in 
both  sexes,  ore  traversed  by  the  current  in  external  apphcattons  of  eiUier 
oirrcnt. 

Experiments  on  Dead  Subject  with  a  Frog  Preparation. — Erb  opened 
the  skull  of  a  dead  body,  took  out  the  brain,  and  covered  the  out* 
side  of  die  skull  with  pieces  of  ruuscte  about  three-quarters  of  an 
inch  tliick.  Over  the  nutiicle  pieces  of  skin  were  placed,  and  over 
the  skin  the  electrodes.  The  skull  was  then  tilled  with  the  brain,  m 
such  a  way  as  to  avoid  any  direct  connection  with  the  muscle.  The 
skull  was  thoroughly  dried,  and  a  pre[>ared  frog  placed  on  the  cerebral 
matter.  A  very  gentle  current  was  then  let  on,  and  both  on  opening 
and  closing  the  frog  contraclcd  energetically,  showing  that  a  portion  ol 
the  eleciricity  at  least  passed  through  the  brain.  Branch  currents  nuy 
also  have  gone  around  Ihrongli  the  layer  of  muscular  tissue ;  but  the 
iniport.int  point,  that  some  of  the  electricity  took  the  short  way  direct 
Ihmugh  the  skull  and  brain,  was  in  this  experiment  concUiuvely  showa 

The  same  experiment  with  the  faradic  current  showed  the  same 
result. 

Similar  experiments  on  the  spinal  cord  showed  that  the  current  pene- 
trated the  vertcbrx  as  readily  as  through  the  skulL 

Actual  Rxperiment  wiik  a  Refieeting  Galvanometer. — ^Thc  evidences 
already  given  are  sufficient,  with  corroboration,  to  establish  the  fact, 
that  the  electricity,  when  applied  to  the  surface  of  the  body,  goes 
through  the  tissues  lying  between  the  electrodes,  and  that  all  the  in- 
ternal  organs  may  be  thus  acted  on  by  the  current.  The  mathematical 
demonslralions  of  this  fact  that  have  been  recently  made  by  Burcliardt. 
and  after  him  by  Ziemssen,  are,  however,  none  the  less  interesting, 
'/iiemsficn's  method  of  investigation  was  to  insert  two  platinum  needles 
insulated  to  their  points,  into  the  organ  to  he  experimented  on,  as  the 
brain,  spinal  cord,  sympathetic,  lungs,  Hver,  etc.,  a:id  connect  them  with 
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A  delicate  Wiediiiann's  reflecting  galvanometer,  while  the  electrodes  c( 
a  galvanic  haltcry  of  from  i  to  50  elements  were  applied  txtertuiJly,  in 
tuch  a  way  that  the  current,  in  piLssing  from  one  to  the  other,  must 
pass  through  the  place  where  Itie  points  of  the  needles  were  inserted. 
These  experiments  were  performed  on  the  dead  subject,  and  on  ani- 
mals, living  and  dead.  Unpolariitible  needles  (Electro- Physics,  p.  31,' 
were  used.  The  body,  ur  part  10  be  examined,  was  isolated  on  wOD<i 
or  glass.    By  these  means  he  easily  demonstrated  these  two  facts ; 

1.  That  all  the  internal  ^ts  and  organs  of  the  body  tan  be  traversed 
by  dtrived  currents  (sec  page  29)  when  the  electrodes  connected  wiif, 
a  galvanic  battery  are  properly  placed  en  the  skin. 

When  the  electrodes  are  placed  on  die  head,  derived  currenis  pass 
through  the  brain.  When  the  electrodes  are  placed  on  the  spine,  de- 
rived  currents  pass  llirough  die  cord.  In  the  same  way  it  was  demon. 
strated  that  the  sympathetic,  heart,  lungs,  liver,  spleen,  imestines,  and 
bladder  were  traversed  by  derived  currents  when  the  electrodes  were 
applied  respectively  to  the  neck,  thorax,  and  abdomen.  Similarly  also 
the  nerve-plexuses  and  great  veins  were  shown  to  be  traversed  by  cur- 
rents when  external  applications  were  made. 

2.  The  derived  currenis  were  usually  most  powerful^  that  is,  the 
^eatest  quantity  0/  electricity  passed  in  a  direct  line,  between  the  elei- 
trades. 

When  the  ends  of  the  unpolarizable  needles  were  removed  from  one 
another,  near  the  central  line,  the  needles  showed  less  and  less  dcficc- 
lion,  proving  that  the  derived  currents  were  weaker.  To  this  general 
law  there  arc,  however,  exceptions.  The  current  which  contains  a  very 
large  percentage  of  water  conducts  electricity  better  than  other  neigh- 
boring iKiris,  even  when  out  of  the  axis  of  the  curve. 

3.  The  derived  currents  can  be  sent  through  the  internal  parts  in  any 
direction,  and  increase  in  strength  with  increase  in  the  strength  of  tht 
principal  current. 

When  the  principal  current  Is  reversed,  tlie  derived  currents  will  be 
reversed  also.  In  one  experiment,  on  the  dead  body  of  a  young 
man,  the  electrodes  of  the  principal  current  were  placed  behind  the 
can.  Two  holes  were  made  in  the  parietal  bones,  in  the  track  be- 
tween the  electrodes,  and  two  other  holes  were  made,  about  six  centi- 
metres farther  forward,  and  about  eight  ccntiineties  from  each  other. 
Id  the  holes  made  through  the  bones  into  the  brain  were  placed  the 
untiolarizable  needles  connected  with  the  reflecting  galvanometer. 
Two  needles  were  also  in  the  tubercula  qiiadrigemina.  The  results  ot 
the  observations  are  contained  in  the  follou-ing  table : 
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!iOb  of  dementi; 

NkcUcs  in  posterior 
|x>l«s  indirect  line 

of  CUXTCUl. 

Needles  in  anterior 
pole*  out  of 
direct  liae. 

NeeJlei  bi 

lubcrcuia 

qiuuJiigeatiiu 

5 

1-5* 

0.6* 

i.6» 

lO 

2.1' 

1.7" 

2.2' 

so 

6.5" 

2.8« 

3- 2" 

3- 5' 
4^f 

In  the  above  obscrvalion,  which  Diay  be  regarded  as  a  crucial  anc 
convincing  one,  these  tliree  poinls  aie  distinctly  proved  : 

J^irs/,  That  tlie  current  passes  from  one  electrode  to  the  other 
thiough  bone  and  biain. 

Second,  Tliat  most  of  ihe  derived  currents  take  the  direct  route  in  tlie 
UI&  between  the  electrodes,  aixl  that  the  strength  of  the  derived  currents, 
the  conductivity  of  the  parts  being  the  satuc,  diiniiiislies  in  proportion 
to  their  distances  from  the  axis. 

Thirdy  Ttiat  tile  tubercida  t|iiu.drigetijina,  by  virtue  of  Ihcir  fluid 
structure,  conduct  electricity  better  than  the  after  parts  of  the  brain. 

Fourth^  That  the  strrngth  of  the  currents  sent  througli  the  body  is 
proportioned  with  considerable  exactness  to  the  strength  of  the  current 
employed  in  the  application. 

The  laws  of  conductivity  of  the  body,  as  here  demon slraicd  in  the 
brain,  have  also  been  similariy  demonstrated  in  the  spinal  coid  and  in 
all  the  organs  of  the  thorax  and  abdomen. 

The  grand  conclusion  from  all  these  experiments,  and  from  clinical 
cxiierieiice,  is  Ihal  the  electro  condiuiivity  cf  the  human  body  is  Iff  be 
explained,  mainly,  by  the  ordinary  physical  laws  of  ileetro-conduetion^ 
and  only  to  a  very  Itmiied  extent  by  physiology. 

Physiology  and  pathology  may  conic  in  to  modify,  to  a  slight  extent, 
the  conductivity  of  the  body ;  for,  as  we  have  seen,  Individuals  differ  in 
their  conductivity.  Increase  in  the  quantity  of  blood  or  salts  in  the  body 
increases  the  conductivity,  and  diminution  of  bluod  or  of  the  salts,  as 
lakes  jilace  in  sonic  diseases,  diminishes  the  conductivity.  Hut  all 
these  varying  factors  have  caused  ouTy  a  very  slight  jwiturbation  of  the 
physical  laws  of  electro-conductivity. 

There  is  some  difference  in  the  conductivity  of  the  living  and  dead 
body,  but  this  difference  can  mostly  be  explainrd  by /A_>'«V«/ principles. 
It  may  well  be  questioned  whether  the  principle  of  life,  whatever  that 
may  be,  exerts  any  very  important  inflitencc  on  electro-con iluctivity. 
Uurchardt  found  that  when  more  saline  solutions  were  injected  into  thf* 
dead  body  the  electro  conductivity  was  increased.     This  is  just  what 
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<re  should  expect  on  physical  principles,  because  warm  saline  solulioni 
ue  good  condiiciors  of  ekcuicity  ia  the  body  or  out  of  it. 

According  to  Ranke,  living  muscle  conducts  much  worse  than  dead 
muscle,  the  proportion  being  as  loo  to  56.  Living  muscle  conducti 
115,000,000  limes,  and  dcatl  muscle  64,400,000  limes  worse  than 
cop(H;r.  Dead  muscle  conducts  better  ilian  living,  on  account  of  the 
decotn position  aiid  chemical  changes  tiiat  take  place  after  death,  and 
especially  on  «:count  of  the  accumulation  of  lactic  acid 

Eiectro  cottduitivtty  modtfiaiby  Ageand  Temperament. — Young  peo- 
ple oflcr  greater  resistance  than  old  [icoplc,  for  tlie  probable  reason  that 
the  tissues  of  the  old  contain  more  of  the  salts  than  those  of  the  young. 
The  hands  of  those  who  labor  witli  muscle,  and  whose  epidermis  is 
thereby  thickened,  otfcr  greater  resistance  than  the  hands  of  those  who 
live  by  brain  alone.  The  right  hand,  being  more  used  ihin  the  left, 
has  a  thicker  epidermis,  and  therefore  presents  a  greater  resistance. 

Different  individuals  of  the  same  age  and  condition  differ  in  their 
conductivity  in  a  manner  that  cannot  be  fully  explained.  \S'hen 
"shocks"  of  a  battery,  or  faradlc  machine,  or  Lcyden  jar  are  sent 
through  a  number  of  persons  in  a  row,  some  will  feel  it  slightly,  others 
strongly,  and  perhaps  one  or  more  may  be  almost  if  not  quite  pros 
traieil.  This  fact  may  cxjiliiin  some  of  the  freaks  of  lightning,  for  il 
has  long  been  known  that  when  a  number  of  persons  arc  standing  near 
together  some  may  be  struck  down  and  others  unharmed.  Soiiiu  Indians 
and  negroes,  it  is  said,  can  take  hold  of  the  electric  eel  without  rcceinng 
shocks. 

The  same  individual  may  conduct  differently  at  different  times.  As 
the  body  is  perpetually  changing,  as  it  varies  in  its  intimate  constitu- 
tion, not  only  from  year  to  year,  but  from  day  to  day,  and  ftom  moment 
to  moment,  it  is  easy  to  understand  why  it  should  vary  in  its  5u<rep> 
tibility  to  clectridty,  just  as  it  varies  in  its  susceptibility  to  the  articles 
of  ordinary  food,  to  stimulants  and  narcotics,  and  to  intcnia  medi 
cation. 


CHAPTER  XI. 

THE   EFFECT   OF   ELECTRICITy   ON   NUTI  ITIOM. 

It  is  not  a  Utile  surprising  iliat  electricity  should  have  been  used  as 
a  therapeutic  agent  for  more  than,  a  century  before  it  bcgiti  to  be 
recogiii/ed  among  scteniiiic  men  as  a  powerful  ineaus  of  aiding  nutri- 
tion. In  1867,  after  a  series  of  preliminary  experiments,  mainly  con- 
ducted by  Dr.  Rockwell,  wc  ascertained  that  electrization  was  a.  tetiie 
of  most  remarkable  cflicacy ;  that  its  permanent  tonic  effects  were,  in* 
deed,  far  more  wonderful,  as  well  as  more  valuable,  ilian  its  primary 
stimulating  effccis.  When  we  announced  this  discovery  to  the  pro- 
fession, in  our  I'reatise  on  die  Medical  Use  of  Electricity,  tbe  statement 
was  received  by  many,  and  especially  by  those  accustomed  to  ani! 
familiar  with  other  electro- physiological  and  electro- therapeutical  re- 
searches, wicli  incredulity  and  suqmse. 

The  attention  of  observers  has  been  so  exclusively  directed  lo  the 
primary  stimulating  effects  of  electricity,  that  they  have  neglected  to 
pursue  the  subject  ftirther,  and  to  study  its  permanent  effects  on  nutrition. 

The  effects  of  the  passage  of  electricity  tlirough  the  body  are  of  a 
fourfold  character : 

1.  Afcekanical 

2.  Physic  at. 

3.  Chemiia!. 

4.  Phfsiffhgtcat. 

Inasmuch  as  the  effect  of  electricity  on  nutrition  15  a  resultant  of 
all  these  four  orders  of  effects,  it  is  necessary  to  speak  of  each  in 
some  detail- 

The  mec/umical,  physical,  and  chemical  effects  of  electricity  on  the 
body  are  similar  in  character  to  the  same  effects  of  electricity  on  any 
substance  whatever ;  the  physidogicai  effects  are  tlio&e  which  take 
place  in  virtue  of  the  vital  properties  of  the  tissues.  The  mec/ianicai 
effects  of  electricity  on  the  body  are  most  juirkedly  appreciaieil  under 
liie  faradic  current.  The  reason  is  clear  from  the  nature  of  the  faradic 
cuiTcnt.  It  is  a  current  of  alternation,  of  to-andfro  motion,  of  cod 
ctant  closing  and  breaking  (see  Electro-Physics,  p.  54).     When  il 
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passes  through  the  body,  even  when  it  produces  no  muscular  contrac- 
tion, it  acts  very  much  in  the  smie  way  as  gende  tapping,  or  [locnd* 
ing,  or  rubbing  on  the  ti&sties;  and  this  gives  passive  exercises  to  all 
the  deeper  lying  as  well  as  the  superficial  tissues.  We  may  believe 
that  the  molecules  of  the  tissues  are  agitated  by  the  passage  of  the 
cufTCQlt  as  the  particles  of  a  bar  of  iron  are  moved  by  the  influence  of 
magnetization  (see  p.  9),  or  as  bodies  arc  exjianded  by  heat.  The 
numerous  branch  currents  going  to  and  fro  act  as  so  many  shuttlecocks, 
keeping  every  atom  in  incessant  disturbance.  That  the  simple  process 
of  tapping  on  the  surface  of  the  body,  by  means  of  the  vibrations  that 
it  excites,  has  a  positively  beneficial  effect  in  certain  chronic  affec- 
tions, has  long  been  recognized.  It  is  reasonable  to  suppose  that  this 
beneficial  effect  is  in  part  due  to  the  increase  of  endosmotic  action. 

Phyiical  Effects. — The  physical  effects  of  the  passage  of  electricity 
through  the  body  are  heat,  and  the  modification  of  cndosmose  and  exos- 
mose,  and  the  trau&ferrence  of  substances /rom  one  fio/e  to  the  olhtr. 

The  heat  excited  in  the  body  by  iJie  simple  {ussage  of  a  weak  cur* 
rent  that  causes  no  muscular  contraction,  is  smalt;  but  there  is  little 
question  that  heat  is  thus  excited,  although  it  is  difficult  or  impossible 
to  measure  it  by  the  theniioineter.  The  main  argumenits  in  favor  of 
this  belief  are  (i),  tlut  all  conductors  of  electricity  become  heated 
more  or  less  in  proportion  to  their  resistance — the  body  offers  great 
resistance,  and  more  or  less  of  the  electric  force  must  be  converted 
into  heat ;  and  (2),  power/ui  currents,  either  galvanic  or  faradic, 
evcB  when  not  used  so  as  to  excite  muscular  contractions,  cause  in* 
crease  of  heat  in  the  track  of  its  passage,  so  marked  as  to  be  easily 
detected  by  the  touch.  No  thermometer  is  necessary  to  show  that  in 
electrolytic  operations,  where  strong  currents  are  used,  the  tissues  neat 
the  needles,  and  between  them,  become  intensely  heated,  so  that  to 
rest  the  finger  on  them  almost  causes  pain.  This  fact  we  have  demon- 
strated over  and  over  again  in  various  parts  of  the  body.  It  is  equally 
clear  that  the  faradic  current,  even  when  not  very  powerful,  raises  tJie 
temperature  of  the  parts  through  which  it  passes.  The  sensation  of 
the  patient  and  palpation  by  the  operator  demonstrate  this  beyond 
doubL  Cold  extremities  arc  warmed  sensibly  and  quite  rapidly  by 
farailization  or  galvanization,  even  when  no  sensible  muscular  contrac- 
tions arc  produced  by  the  cun-ent  It  is  logical  to  infer  that  very  weak 
cjurents,  eiiJier  (aradic  or  galvanic,  cause  a  slight  increase  of  heat  by 
virtue  of  the  passage  of  the  current,  and  as  a  physical  effect  of  such 
passage,  without  reference  to  the  physiological  [ihenonienon  that  must 
accompany  the  physical  phenomena,  whicJi  uiuit  probably  also  cauM 
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ft  rise  of  the  temperature.  Schiff  declares,  as  a  result  of  his  observa 
tions,  that  a  nerve  is  warmed  by  an  almost  momeniary  passage  of  the 
current. 

A  second  important  physical  effect  of  the  passage  of  an  electric  cur- 
rent through  tliebodyis  the  iransferencc  of  substances  (rom  ooe  pole 
to  the  otlier.  This  phy&ical  effect  of  the  current  has  long  been  recog- 
nized. In  the  electric  light,  for  example,  the  particles  of  carbon  go 
from  the  positive  to  the  negative  pole,  and  to  so  m.ij:ked  a  degree  that 
ihc  positive  carbon  is  quite  rapidly  worn  away.  A  very  remarkable 
iUiutration  of  this  transference  of  matter  in  the  track,  of  electricity  some- 
times occurs  in  lightning  stroke.  Tntstworthy  cases  are  reported  of 
individuals  who  have  been  found  struck  dead  by  lightning,  and  bearing 
on  tlieir  bodies  distinct  iniagc<i  or  imjiressions  of  auiiie  object,  as  a  tree 
or  house,  near  which  they  stood  when  they  fell. 

In  1864,  at  Nibelle,  in  France,  liiree  men  who  were  gathering  pears 
were  struck  by  lightning.  One  was  killed  at  once.  The  others  were 
thrown  to  the  ground  unconscious,  and  one  of  these,  when  taken  home, 
was  found  to  have  on  his  breast  a  "distinct  daguerreotype  of  the  tree." 

In  i860  a  woman  of  Sisonne,  in  France,  who  was  struck  by  lightning, 
cArried  on  her  back  a  complete  image  of  a  tree — trunk,  branches,  and 
leaves— that  was  near  the  place  where  she  full.  A  similar  case  is  re- 
corded by  Franklin.* 

The  explanation  of  all  these  cases  is  the  same  Tlie  particles  of  the 
tree,  reduced  to  great  fineness  by  the  electricity,  are  mechanically  trans- 
ported and  burned  in  the  skin.  The  process  is  therefore  not  chemical, 
but  mechanical  and  thermic. 

riodics  have  been  literally  tattooed  in  this  way.  Transference  of  sub- 
stances is  a  part  and  result  of  the  electrolysis  in  organic  substances 
already  described  (Rlectro-Physics,  p.  47),  and  also  of  the  electrolysis 
of  organic  bodies  to  be  hereafter  described. 

The  electric  cutrenls  also  exercise  a  positive  and  very  interesting  in- 
fluence over  endosnuose.  By  the  passage  of  a  galvanic  current  the  endos- 
nioiic  phenomena  may  be  both  stimulated  or  reversed.  This  is  shown 
in  the  following  experiment  of  Dutrochel :  A  tube  containing  gum- 
water  is  closed  at  one  of  il^  ends  by  animal  membrane  and  dii>|>ed  in 
a  vessel  containing  common  water.  By  (he  ortlinary  operation  of  the 
laws  of  endosmosis  the  gum-watei  rises  in  the  tube  on  account  of  the 
entrance  of  some  nf  the  ordinary  water  Uirough  the  membrane  into 

•  Death  bjr  LlgTittiin^  by  M.  Dr.  Fcdet  fCIcrmonl  Terrsiul),  C«#/r<  dit  //tft 
tcMX,  JuM  S-IO,  1872,  Ir-iiuljicJ  in  TAt  Chtttf,  July  6.  1S71. 
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the  lube.  But  if  tlie  positive  pole  of  a  galvanic  battery  be  place!  in 
the  cointiion  water,  and  Ilic  negative  pole  in  the  giirn-walcr,  the  endot 
mooc  action  is  stimulated  to  such  a  marked  degree  that  the  level  of  the 
gum-wrtter  ritves  with  much  greater  rapidity  ;  if  we  reverse  the  pole  the 
level  of  the  gum-water  in  the  tube  sinks  instead  of  rises.  The  faradic  cur- 
rent from  the  secondary  coil  produces  no  such  e^ecl.  The  current  from 
the  inner  coil — the  extra  current  so  called — produces  these  effects  to  a 
lcs4  degree.  It  is  pretty  clear,  therefore,  that  these  phenomena  de- 
pend 00  the  chfmUal,  and  not  on  the  meehanical  power  of  the  current. 

EUctrkai  Endosm0sis  is  influtnctd  b;^  Strength  of  Current  and  Resisi- 
anu  of  Circuit. — It  is  found  that  the  quantity  which  rises  is  inexact  pro- 
ixjnion  to  the  strength  of  the  current,  and  to  the  extent  of  the  porous 
surface.  It  has  been  futiitd  that  the  greater  the  resistance  of  tlie  liquid 
(n  electrolysis,  the  more  it  yields  to  this  cnOosmotic  action. 

The  above  phenomena  have  been  demonstrated  at  different  times,  and 
by  a  variety  of  observers. 

Besides  the  physical  elfecis  above  de!;cribed,  there  may  be  many 
others  that  we  cannot  at  present  rccogni/e  or  appreciate,  but  which 
tuay  be  revealed  bv  the  si>cctroscoi>c  and  other  means  of  refined  re- 
search. 

After  Physical  Effects  of  the  Currents.— \i  has  been  observed  that 
Itlalimmivrires  are  contracted  by  the  passage  of  electric  currents  through 
thorn,  and  that  copper  wires  that  arc  used  for  conducting  electricity 
lirconie  brittle  tlicreby.  The  differential  action  of  the  faradtc  and  gal- 
vanic currents  in  tliis  respect  is  quite  interesting,  for,  according  to 
KuhmkorflT,  the  copper  wires  tnai  conduct  faradic  currents  hreak  more 
5|)eedily  and  more  fieqiicnCly  than  those  whirh  cnndnct  galvanic  currentr 

This  physical  fact  is  very  suggestive  of  what  may  be  facts  in  physi. 
ology  and  pathology.  We  have  already  seen  that  magnetization  has 
physical  effects  of  a  most  decided  ctiaracter.  We  have  seen  that  it 
causes  sounds  to  proceed  from  the  body  magnetised ;  that  the  bodv 
magnetized  also  becomes  elongated;  and  1h.it  this  elongation  is  proba 
bly  due  to  the  fact  that  the  particles  arrange  themselves,  during  mag- 
netization, lengthwise  in  the  direction  of  the  bar.  It  is  not  improbable 
that  the  human  body  in  health  and  in  disease  may  also  be  changed  by 
tbe  action  of  the  currents  in  a  manner  that  we  do  not  yet  comprehend, 
and  that  such  physical  or  ph)*s)o1agical  changes  may  account  fur  sume 
of  die  therapeutic  effects  of  electrization.  This  probability  applies 
esi>edilly  to  the  after  effects  of  cLecliical  treatment,  effects  that  are 
noticed  not  while  the  api>lications  arc  being  made,  or  during  ttie  course 
of  the  treatment,  but  weeks  and  months  after  the  treatment  is  discoa- 
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tinned.     On  this  subject  wc  sHaII  speak  In  more  detail  in  the  section  OB 
Electro- Therapeutics. 

Chemical  Effects. — The  chemical  effects  of  the  current  are  nuinly  of 
an  eUttrolyiic  t^^x^tXAT.  'I*hey  consist  of  an  electro-chemical  composi- 
tion of  the  fluids  of  which  the  body  is  composed.  The  general  laws 
and  phenomena  of  electrolysis  in  its  relation  to  inorganic  snbslancrs 
have  already  been  set  forth  in  the  chapter  on  that  subject  in  Elecuo- 
I'hysics.  It  remains  for  us  here  to  speak  of  electrolysis,  in  its  rela- 
tion to  organic  life.  At  the  outset  wc  may  renurk  tliat  there  is  no 
evidence  that  organization,  as  such,  seriously  modifies  electro-chemical 
tlecomiiosition.  The  fluids  of  the  body  decom|>o5e  under  the  influence 
of  the  current,  just  as  the  »aine  combination  of  fluids  with  tissue  would 
decompose  if  not  endowed  with  life.  If  the  results  of  the  electrolysis 
of  the  dead  body  are  ditfcrcnt  from  the  results  of  the  electrolysis  of 
the  living  body,  it  is  because  of  thcclicmical  changes  that  take  place  in 
the  body  after  life  has  departed. 

The  human  body  is  comixMsed  of  fourteen  dillerent  chemical  sub> 
stances,  many  of  which  arc  singly  capable  of  decomposing  under  the 
current^  and  in  their  various  combinations  are  capable  of  many  decom- 
posiiiuiis  and  recompositions,  with  secondary  results  that  cannot  welt  be 
eslim.'Ued. 

The  general  facts  of  the  electrolysis  of  inorganic  substances,  the  a]}. 
pearance  of  oxygen  and  acids  at  the  positive  pole,  and  hydrogen  and 
alk.'ilics  at  the  negative  pole,  apply  also  tu  the  electrolysis  of  the  living 
body.  The  great  law  arrived  at  by  Faraday,  that  in  electrolysis 
substances  are  decomposed  in  equivalent  proportions  (see  Electro- 
Physics,  p.  46),  also  hnds  no  exception  or  interfereocc  in  organic 
«tiiictures. 

Seme  of  the  Phenomena  of  Eleetrotysis  of  Living  and  Dead  Tissues. — 
In  order  10  determine  the  electrolytic  effect  of  the  current  on  organic  sub 
stances  we  have  made  a  wide  variety  of  experiments  on  both  li^-ing  and 
dead  tissues,  fluid  and  solid,  in  a  nonual  as  well  as  pathological  condi- 
tion, on  animals  and  men.  We  have  tried  Ihe  galvanic  current  on  the 
voluntary  and  involuntary  muscles ;  on  tlw  mucous  and  serous  mem- 
branes ;  on  brain,  spinal,  and  nerve  matter ;  on  the  lungs,  the  heart,  the 
liver,  spleen,  stomach,  intestines,  bladder,  uterus ;  on  the  saliva  and  the 
ttrine ;  on  the  cartilage  and  on  bones.  The  general  conclusions  at 
which  we  have  arrived  from  these  experiments  are  these  : 

I.  All  these  animal  tissues,  living  or  dead,  deconi|>ose,  so  far  as  cazk 
be  seen,  like  inorganic  substance;^,  ami  by  uniform  laws. 

«.  The  fact  most  patent  to  supcrncial  oliscrvalion  is  that  the  rapiditj* 
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of  the  electrolysJR  depends  more  on  the  amount  of  fiuid  in  the  (issnes 
ihao  on  all  other  Taccors  combined. 

J.  11>e  great  difTeience  in  the  effects  of  electrolysis  on  Oi^anic  and 
inoriranic  substances  is  seen  after  the  ctirrenl  has  ceased  to  act.  In 
the  electro))'!iis  of  most  inorganic  substances — such  for  example  as  iodide 
of  iwtassium,  acetste  of  lead,  chloride  of  sodium,  and  so  forth— the 
effects  cease  as  soon  as  llie  current  ceases  ;  ihe  substances  remain  in 
Uie  condition  that  the  current  left  ttiein.  The  electrolysis  of  organic 
substances  starti  a  process  thai  ccniinues  long  after  the  (urrent  ceases  to 

Eiectralyxis  of  ike  White  of  an  Egg. — \Vlien  the  white  of  an  egg  ts 
clcctrolyzed  by  copper  needles  or  wire,  white  flakes  rapidly  fonn  aroimd 
the  needle  connected  with  the  negative  pole,  covering  the  needle  as 
cotton  covers  a  bobbin  of  a  loom.  This  white  covering  soon  becomes 
detached  from  the  needle,  if  the  current  is  tolerably  strong,  and  floats 
on  the  surface  of  the  albumen,  and  then  another  similar  envelope  ii 
formcti  over  the  needle.  In  a  little  time  the  surface  of  tiic  albumen 
l»ecoraes  covered  with  white,  sliglit  masses,  resembling  what  are  knowc 
on  our  tables  as  "tlo.iting  islands."  These  formations  are  not  coagula, 
&s  might  be  supi>osed,  but  arc  simply  composed  of  hydrogen  gas  envel 
oped  by  very  tliin  layers  of  albumen,  inlu  which  it  is  mechanically  driven 
by  the  electrolytic  action,  after  the  analogy  of  soap-bubbles  and  the  froth 
of  a  beaten  egg.  where  the  distensioD  is  caused  by  common  air  envel* 
oped  by  water  and  albumen. 

Besides  these  clianges  the  albumen  becomes  discolored,  and  reddish 
yellow  streaks  are  found  at  both  poles.  This  discoloration  is  due  jurlly 
to  the  action  of  the  oxygen  or  the  albumen  on  the  copper  of  the  elec- 
trodes. 

Although,  as  has  been  said,  platinum  wires  at  the  point  of  insertion 
into  the  substance  are  best  for  these  experiments,  since  ihey  arc  not 
acted  on,  and  exhibit  the  changes  in  their  punty,  ret  a  common  sewing 
or  darning  needle,  or  copper  wire,  will  answer;  but  it  should  be  borne 
In  iiiind  that  the  action  of  the  substances  on  these  will  complicate  tlie 
observation,  and  that  they  will  in  a  short  time  become  destroyed  by 
oxidation. 

Electrolysis  if  Fresh  Milk. — ^Vhen  fresh  cow's  milk  is  clectrolyzed 
with  platinum  needles  an  odor  of  chlorine  is  distinctly  perceived,  due  to 
dccompoudon  of  the  chloride  of  sodium,  and  Ultle  isl&nds  of  foam  appear 
on  liie  surface.  This  foam,  on  being  broker  up,  gives  forth  an  odor  of 
clilorine,  and  disappears,  showing  that  it  is  not  coagulated  albumen, 
but  simply  chlorine  gas  and  albuminous  envelopes. 
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EUttrcIysh  of  Ihi  Aqueous  and  Vitreous  Hunwrs  of  ike  jE^r,— When 
platinum  net-dies  conceded  with  a  galvanic  current  are  inserted  into 
the  aqueous  and  viircous  humors  of  the  eye  of  a  dead  or  d/ing  rabbir, 
rapid  electra1)'si!<  takes  place  at  bath  pules,  wilb  evolution  of  gases  in 
albuminous  envelopes.  A  cloud  resembling  cataract  iss[)eedily  formed 
over  the  pupti,  and  in  a  few  moments,  if  the  current  be  of  medium 
strength,  the  covering  of  the  eye  will  be  ruptured,  with  a  violent  escape 
of  album  en -enveloped  gases.  This  process,  which  Dr.  Beard  has  fre- 
quently studied  in  the  eyes  of  rabbits  and  dogs,  is  similar  lo  that  which 
takes  place  in  the  electrolysis  of  hydrocele  and  of  certain  cystic  tumors. 

EUetrolysis  of  Beef. — It  is  possible  to  gain  a  measurably  correct  idea 
nf  what  changes  take  place  during  and  after  electrolysis  of  the  living 
body,  in  health  or  disease,  by  studying  the  phenomena  that  appear 
during  electrolysis  of  dead  tissue.  If  a  piece  of  beefsteak,  for  example, 
be  subjected  to  the  action  of  the  galvanic  current  by  needles  connected 
with  the  positive  and  negative  poles,  a  process  somewhat  resembling 
frjing  can  be  distinctly  seen  and  heard  and  felt ;  more  siwcifically, 
bubbles  of  hydrogen  apjic^nr  at  the  negative  pole,  and  a  kind  of  hissing 
sound  is  heard,  even  when  the  ear  is  al  some  little  distance,  and  a  posi- 
tive zensalion  of  heat  is  felt  when  the  finger  is  pressed  over  t])e  i^art 
that  is  being  electrolyzed.  Under  the  microscope  this  process  can  be 
more  closely  studied.  Chemical  examination  shows  that  oxygen,  acids, 
and  albumen  go  to  the  poi^ltivc  pole,  while  hydrogen,  alkalies,  and 
coloring  matter  go  to  the  negative,  and  the  action  at  the  negative  pole 
u  much  greater  than  at  tlie  positive.  Under  this  process  the  beef  be- 
comes gradually  dried  and  clianged  in  color,  owing  to  the  disapj>carance 
of  the  watery  constituents  and  the  other  electrolytic  action ;  and,  in 
proponion  as  the  beef  grows  drier  and  the  fibres  begin  to  lose  their  ad- 
herence and  fall  apart,  the  electrolytic  process  becomes  less  and  less 
active,  because  there  is  less  tluid  on  which  to  act. 

1-or  some  hours  after  the  needles  are  removed,  the  process  of  dr)'iog 
and  disintegration  and  decoloration  goes  on,  until  the  portion  that  lies 
between  and  near  the  poles  shrivels,  contracts,  and  crumbles,  until  it 
resembles  the  burnt  comers  of  a  piece  of  roast  beef. 

Ehctrofysis  of  Fniits  and  Vegetables. — We  have  exjierimented  on  a 
rariety  of  fruits  and  vegetables — as  oranges,  lemons,  apples,  pears, 
peaclics,  potatoes,  tunii>s,  etc  The  effects  of  the  electrolytic  action, 
as  they  appear  to  the  eye  and  the  ear,  though  consistent  with  the  great 
general  laws  of  electrolysis  of  inorganic  substance^  yet  are  more  or  lesi 
modified  by  the  varieties  of  structure.  ^Vhen  a  sound  apple  is  electro- 
lyzed,  the  part  around  the  negative  needle  changes  in  color  and  lookf 
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IS  though  it  had  been  bruised  and  was  beginning  to  decay,  and  the 
ne«dte  soon  becotiies  loosened  and  will  easily  fall  out.    The  process  of 

^ing  anil  dccoloralion  goes  on  after  the  ojieration  is  discontinued.     In 
r&uits  and  vegetables  the  electrolytic  changes  that  take  place  are  largely 
doe  to  the  electrolyuktion  of  water,  which  is  aided  by  the  acids  that 
they  contain. 

When  nuiscles  have  been  separated  from  the  botly  and  submitted  fot 
several  days  to  the  action  of  a  strong  galvanic  current,  there  have  been 
found  at  the  positive  pole  sulphuric,  phosphoric,  hydrocliloric  and  azo- 
tic acids,  and  at  the  negative  [k)Ic  alkalies — as  soda,  potassa,  and  am- 
nonia. 

I^egros  and  Onimus  have  shown  that  when  an  alkali,  as  carbonated 
loda,  is  placed  at  the  poutive  pole  in  electrolysis  of  the  human  body, 
l^d  an  acid — as  tartaric  acid — at  tlie  negative  pole,  die  iibual  eschon 
we  not  been  formed.  This  would  seem  to  indicate  that  the  caiiteriita- 
tion  in  electrolysis  is  due  in  part  to  the  acids  and  alkalies  that  result 
from  the  decomposition. 

This  cauicriiing  action  is  not  solely  due  to  the  adds  and  alkalies,  for, 

!)en  other  acids  and  alkalies  arc  ajif^hed  to  the  body,  eschars  of  the 
''nroe  degree  are  not  obtained.     The  current  penetrates  and  pervades 
the  tissues  and  induces  various  changes  beyond  and  beneath  the  eschar, 
which  changes  continue  long  after  the  current  h  broken. 

TTie  jmcnomcna  above  described  all  occur  under  the  galvanic  cur- 
rent, and  with  needles  as  electrodes. 

The  Current  from  the  primary  coil  of  the  faradic  machines  has  some 
electrolytic  power,  and  even  the  current  from  the  secondary  and  ter- 
tiary coils  is  not  without  some  chemical  effect  It  Is  not  necessary  to 
iisc  needles  or  pointed  clecrrodea  of  any  kind  in  order  to  i)roduce  elec- 
trolysis ;  but  with  a  sufficient  strcnglh  of  current  the  phenomena  may 
be  produced  by  large,  flat,  metallic  surfaces.  There  is  more  or  less 
electrolysis  in  all  the  ordinary  applications  of  electricity  to  the  body, 
whether  made  with  metals  or  sponges,  small  or  large. 

Phyiich^Ual  Effects. — ^The  physiological  effects  of  electricity,  pro- 
pcily  so  called,  arc  those  whicli  take  place  by  virtue  of  the  vital  proper- 
tiei  of  the  body.  The  other  effects  above  described — mechanical, 
physical,  and  chemical — are  not  peculiar  to  living  bodies  ;  they  are 
observed  on  the  dead  as  well  as  the  living,  on  inorganic  as  well  as 
irrganic  substances,  although  they  are,  as  we  have  seen,  more  or  less 
modified  by  vitality.  But  the  physiological  effects  of  which  we  are  here 
to  speak  are  iKCtdiar  to  organization ;  they  cease  when  life  ceases,  foi 
ih«y  Are  mainly  the  modificalion  of  the  vital  processes  by  electricity. 
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Tl-erc  arc  in  gcueral/OT*/-  ways  in  which  electricity  applied  10  the  lia 
mcs  modifies  their  physiological  fuactioQS  ;— 

I.  It  may  increase  them. 

3.  It  may  diminish  ihcm. 

3.  It  may  arrest  them. 

4.  It  may  modify  their  qnality. 

Some  or  the  more  important  tLlustralions  of  their  effects  have  been 
already  discussed. 

We  have  seen  that  electricity,  according  to  the  kind  that  is  employed, 
and  according  to  the  method  and  strength  and  length  of  the  applica* 
^on^  causes  various  phenomena  on  the  skin,  contracts  voluntary  aid 
involuntary  muscles  when  applied  either  to  the  muscles  themselves  01 
to  the  nerves  that  supply  them,  and  increaaes  the  process  of  oxidation, 
and  raises  the  temperature,  excites  the  nerves  of  common  and  special 
sense  so  as  tn  cause  pain,  ilashes  before  the  eyes-  noises  in  the  ears,  and 
a  peculiar  tasle  and  odor,  \^'hen  a))plied  to  the  pnemnogaslric  it 
increases,  diminishes,  or  arrests  the  action  of  the  heart. 

It  remains  here  to  speak  of  the  following  physiological  effects  of  elec* 
tricity : — 

1.  On  the  circulation. 

2.  On  secretion  and  excretion. 

3.  On  absorption. 

The  effect  of  electricity  on  the  circulation  is  somewhat  complex.  It 
includes  the  effect  on  the  heart  and  on  the  unstripcd  muscular  fibres  of 
the  arteries,  as  well  as  on  the  central  and  peripheral  nervous  system  in 
general,  since  tlie  flow  of  blood  in  the  arteries,  veins,  and  capillaries  ts 
influenced  by  the  quality  and  quantity  of  innervation  that  they  receive. 
We  have  to  speak  merely  of  the  direct  efTcct  of  electricity  on  the  capil- 
lary circulation.  It  has  been  shown  already  that  electrization  of  the 
cervical  symi>athctic  may  have  the  directly  opposite  effect  of  contracting 
or  dilating  the  vessels  of  tiie  retina.  That  tlie  same  opposite  effects 
may  follow  electrization  of  any  part  or  organ,  depending  on  the  tcni- 
peraincnt  of  the  patient,  the  ipiality  of  current,  and  the  length  and 
ftrength  of  the  application,  is  also  demonstrable.  One  effect  is  con- 
stant under  alt  conditions,  and  that  is,  that  the  circulation  is  modi5ed 
in  one  or  the  other,  or  in  both  ways,  'j'lie  average  ultimate  effect  it 
to  increase  the^ca*  0/  i^/cev/,  raiu  the  temperature^  and  dilate  the  veins. 
Dilatation  of  the  veins,  after  prolonged  electrization,  19  a  phenomeaon 
tliat  can  be  demonstrated  with  case  or  any  part  of  the  body  where  tha 
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veins  arc  prominent.    The  back  of  the  hand  is  the  best  place  to  study 
this  phenomenon,  and  faradUation  illustrates  it  ino&t  distinctly. 

This  enlargement  of  the  veins  is  accomjianicd  by  a  rise  in  tempera 
titrc.  and  especially  if  llie  iniiscle'i  liave  been  brought  into  vigorous 
contraction,  that  is  not  only  indicated  by  the  thcrniumetcr,  but  is  ai>- 
preciated  by  the  subject.  Under  general  fdjadizalion  the  Itands  and 
feet  become  waini.-r  during  the  sitting,  and  may  remain  warmer  for 
hours.  Central  galvanization,  or  galvanization  of  the  cervical  sympA' 
tlietic,  also  warms  the  [wriphery. 

Oi  Secretion  and  Excretion, — ^The  secreting  power  of  the  secreting 
organs  of  the  body  is  very  markedly  influenced  by  t'lectrization.  The 
nMial  etTect  is  to  increase  thetr  activity  ;  but  when  very  mild  currents 
■re  used,  such  etTect  is  not  always  oi>served,  and  it  is  probable,  from  our 
^experiments,  that  very  strong  currents  may  produce  a  reverse  effect. 

On  the  liuhrymal  g^lamii  the  action  of  ihe  current  is  not  so  easily 

shown,  because  strong  currents  arc  not  well  borne  on  the  face  or  head, 

And  the  glands  themselves  are  not  directly  accessible.      It  is  difficult  to 

decide  whetlicr  (he  flow  of  tears  that  accomiKinics  strong  electrization 

■of  the    face  is  the  result  of  the  mechanical  irritation  or  the  physio- 

[logical  action  of  the  current  on  the  lachrymal  glands  or  the  nerves  that 

ipply  them. 

The  secretion  in  mucous  membranes  is  cjitickly  increased  by  electriza- 
tion, as  can  be  demonstrated  most  easily  on  the  Schncideriau  membrane 
by  means  of  metallic  electrodes  introduced  in  the  nasal  jiassages. 
This  fact  becomes  of  practical  importance  in  the  treatment  of  the  so- 
called  "dry  catarrh,"  and  aUo  in  exhausting  diseases,  a.^soci.ited  with 
dryness  of  the  mucous  membranes. 

On  \\\e  saiivary  secretion  the  effect  of  the  current  is  very  easy  of  de- 
monstration. That  application  of  the  current,  both  galvanic  and  faradic, 
can  increase  the  secretion  of  the  salivary  glands,  is  very  easily  demon- 
strated. We  have  shuwn  this  at  various  times  during  the  p.'ist  five  years, 
galvanizing  or  Ciradizing  the  tragus  of  Ihe  car,  with  either  pole,  or  against 
the  membrana  tympani.  This  effect  is  due  to  the  excitation  nf  the 
chtxda  tympani  nerve,  some  of  the  fibres  of  which  go  to  the  submaxillary 
ganglia.  This  increase  of  saliva  is  sometimes  so  great  that,  while  the 
current  is  flowing,  continual  swallowing  is  necessary. 

In  sensitive  persons  the  same  effect  follows,  by  reflex  action,  electri- 
sation in  almost  any  part  of  the  neck  or  face.  In  certain  pathological 
cases,  as  .Addison's  disease,  Dr.  Rockwell*  has  found  the  annoying  dry- 
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acta  of  ihe  month  grcatiy  retievec)  by  elect rizali an,  and  in  iialholug: 
cases  of  the  severe  character,  as  in  diabeies,  when  the  salivary  sccie 
lion  may  be  greatly  diininislied,  we  hare  found  central  galvanization  la 
increase  the  secretion  quite  rapidly. 

On  the  ti/iarjr  stcrdi&n  the  action  of  the  current  is  less  easy  of  mathe- 
matical demonstration.  The  results  of  external  elcctri/alion  in  patho- 
logical cases  seem  to  prove  Uiat  the  (|iiantilyuf  the  bile  may  be  increased 
Whether  this  increase  is  due  to  the  action  of  the  current  on  the  snb- 
s'ance  of  the  liver,  or  the  nerves  that  suiij)!)-  it,  we  are  not  able  to 
diate. 

The  secretion  ot  gastric  Juice,  and  of  the  intestinal Jiuid^  is  in  all  prolv 
ability  increased  by  external  electrization.  Analogy  would  show  these 
fluids  ought  to  be  secreted  in  greater  abundance  under  the  influence  of 
the  current,  and  the  results  of  treatment  in  pathological  cases  give  this 
|>robability  something  of  the  force  of  certainty.  Appetite  is  sharpened, 
digestion  is  quickened,  and  constipation  relieved,  both  by  local  and  by 
general  electrical  trcatiuent,  so  rapidly  and  so  decidedly  as  to  make  it 
pretty  evident  that  the  gastric  and  intestinal  thiids  are  made-  to  secrete 
tnore  liberally  by  the  action  of  the  current  on  the  nerves  that  supply 
these  organs  than  on  the  tissues  of  the  organs  theiui^clves. 

An  excellent  means  of  studying  the  variations  in  the  nutrition  is 
found  in  the  elimination  of  the  urine.  This  is  believed  to  be  a  result 
of  oxidation  processes  tliat  may  tal:e  place  either  in  the  kidneys  or  in 
the  tissues,  or  in  both. 

Legros  and  Oninuis  have  studied  the  effects  of  electrization  of  the 
(pine  on  the  elimination  of  urine. 

Their  conchisions,  derived  from  more  than  750  analyses,  made  on 
the  urine  of  rabbits  and  of  themselves,  arc  these  : — 

I.   Interrupted  currents  diminish  the  quantity  of  urine  and  of  azote. 

3.  Centrifugal  galvanic  currents  increase  the  quantity  of  the  tuine 
&nd  diminish  that  of  the  urea. 

3.  That  continuous  centripetal  currents  increase  the  quantity  of  urea 
ffithou:  increasing  the  quantity  of  urine. 

On  the  urinary  secretion  line  effect  of  electrization  can  l*e  dcmoit- 
stratcd  in  pathological  cases  without  difficulty.  In  cases  of  diabetes 
insipiiiits  and  meUitux^  local  and  general  treatment  may  cause  great  di> 
minurion  in  the  discharge,  while  in  dropsy  and  in  rheumatism  we  have 
known  the  kidneys  to  be  stimulated  as  much  as  by  powerful  diuretics. 

On  the  average  man  in  health  there  is  considerable  diOiculty  in  esti- 
mating a  moderate  increase  of  the  urinary  secretion  under  electriza 
tiun,  for  the  suDicietitly  app^enr  reason  that  the  quantit}*  of  urine 
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ran«f  with  so  many  conditions  of  food,  dnnk,  and  exercise,  and  ao 
forth  Unless  the  effect  of  electrization  or  the  kidneys  were  immediate 
and  vlccidcd,  it  would  be  difficult  to  differentiate  between  its  effects 
and  the  effects  of  the  other  important  and  varying  factors. 

On  the  menstrual  jecretion  electricity  acts  with  remarkable  power. 
IV}th  currents,  applied  externally  and  internally,  centrally  or  generally, 
in  physiological  as  well  as  pathological  cases,  affect  the  qiiantily  ol 
menstrual  secretion  rapidly,  and  sometimes  permanently.  The  eiTects 
are  sometimes  immediate,  taking  place  during  or  directly  after  the 
ipplication.  The  number  of  days  that  the  menses  appear  arc  some- 
times increased,  and  entire  suppression  is  slowly  or  speedily  cured. 

In  pathological  cases,  where  there  is  an  excess  of  menstnial  (low, 
electrization  corrects  and  diminishes  it.  These  apparent  and  interesting 
effects  of  electricity  on  the  menstrual  secretion  may  lake  place  through 
the  direct  action  of  the  current  on  the  ovaries  and  the  uterus,  or  indi- 
lectly  through  the  brain,  sympatlietic,  and  spinal  cord,  and  the  nerves 
that  supply  the  jKlvic  organs.  They  may  take  place  through  reflex 
action  from  electrization  of  the  feet  or  hands,  or  other  and  distant  parta 
of  the  body.     Franklinic  electricity  also  produces  these  cfTecls. 

The  whole  subject  is  of  immense  practical  importance,  as  wiU  be 
seen  in  the  chapter  devoted  to  Diseases  of  Women. 

On  the  lacteal  secretion  electricity,  especially  the  faradic  cun^nt, 
acts  willi  decided  though  varying  power.  It  has  never  been  known  to 
diminish  it,  while  it  sometimes  increases  it,  and  it  may  restore  it  after 
it  has  been  temporarily  suppressed.  This  physiological  fad  has  s. 
practical  signilicance  that  wiU  aiJ^iear  in  the  chapter  devoted  to  Mid- 
wifery. 

Similarly  also  the  secretion  of  the  spermatic  Jluid  is  increased  by  gal- 
Tinizaiion  or  faradization.  A  mathematical  test  of  the  power  of  elec- 
trization to  increase  the  secretion  of  the  testicles  c;irinot,  for  obvious 
reasons,  be  obtained ;  but  the  statements  of  individuals  on  whom  the 
experiment  was  tried  seem  to  establish  this  point.  The  applications  may 
be  made  not  only  through  the  testicles,  but  through  the  perineum  and 
over  the  spine.  The  results  are  not  invariable,  but  are  obtained  in  a 
tuflicient  number  of  cases  to  make  it  fair  to  regard  such  effect  as  a 
law  of  electro- physiology. 

The  secretion  of  the  sweat  glands  is  also  incrc-^se^  by  powerful 
galvanization  of  the  central  nervous  system,  and  especially  of  the  cervi- 
cal spine  and  sympathetic.  In  very  susceptible  patients  either  g.ilvaiu- 
zation  or  faradisation  of  the  head,  nf^clc,  or  spine,  and  strong  electrization 
tif  almost  any  part  of  the  botly.  will  cause  sensible  perspiration.     We 
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have  seen  intlividiuils  whom  a  few  minutes  of  gencul  raradUstton  with 
feeble  currcnis  brought  out  large  droi>s  of  sweat  on  the  forehead,  and 
nude  the  hands  as  moist  as  though  they  had  been  dipped  in  water. 

On  Aharpticn. — The  aciion  of  electricity  on  the  absorbents  is  best 
studied  in  |iathoiogical  cases,  soch  as  hypertrophies,  effusions,  and 
moibid  prcwths. 

In  Ihickcning  of  the  skin  that  a|>]>ears  in  sonic  ctilaneous  affections, 
in  corneal  opacities,  in  enlarged  joints,  in  plcnrilic  efltisions,  in  hydro- 
cele, in  dropsy  of  various  parts,  in  passive  cedema,  and  in  enlarged 
gtauds  in  tumors  of  nearly  every  variety,  can  be  demonstrated  the  (wwcr 
of  electricity  to  produce  absorption.  Reasoning  backward  from  palho- 
\og^  to  [ihysiology,  we  justly  infer  llxat  the  same  effect  takes  place,  more 
or  less,  in  all  appUcaitons  of  cicctricity  to  the  body,  but  that  the  degree 
of  it  is  modified  by  the  condition  of  the  pifi  lo  which  the  application 
is  made.  The  effect  on  secretion  is  api>arcnt  at  onco  to  the  eye  or  the 
sensation  :  the  effect  of  absorption  is  apparent  only  to  the  eye,  and 
then  only  when  there  is  a  visible  excess  of  fluid  or  solid  in  the  part  to 
which  the  a|]plicaiion  is  made.  This  part  of  our  subject  will  be  prac- 
tically illustrated  in  various  chapters  both  in  Medical  and  Surgical 
Electricity. 

Eff<£ts  pf  EUciruUy  produted  by  Refiex  as  weli  as  by  Direei  Action. 
— ^The  reflex  effects  of  electricity  seem  not  to  have  been  fully  recognized 
by  electro-therapeutists.  There  is  considerable  difficiiUy  in  ascertaining 
the  precise  refiex  effects  of  electricity  on  animals.  Tlie  effects  as  tbejr 
ihow  themselves  on  man  are  largely  sensory,  not  motor  ;  tlie  atiaiiila- 
tion  of  the  circulation  of  absor^ition  and  of  secretion  that  mi^l  and 
probably  docs  take  place,  rcficxly  as  well  as  directly,  is  too  minute  to 
Se  readily  obscr\'ccl.  We  are  justified  in  believing  that  electricity  acta 
in  absorjuion,  secretion,  and  exertion  by  reflex  as  well  as  by  direct  action, 
from  the  fact  that  in  irritable  constitutions  sensory  effects  on  the  sen&a* 
tion  and  on  circulation,  of  a  marked  character,  arc  produced  by  electric 
irritation.  Thus,  for  example,  when  the  hands  or  the  feet  arc  traversed 
by  strong  currents,  cither  continuously  or  in  sudden  shocks,  ^latn  or 
disagreeable  sensations  may  be  felt  in  the  hands  and  feet,  of  the  opi>o- 
cite  side,  or  in  the  back,  or  stoniacli,  or  side.  These  reflex  effects  arc 
not  constant,  and  when  wc  look  for  them  wc  may  not  find  ihcni.  They 
can  be  best  studied  in  persons  who  are  suM:eptible  to  electricity,  and 
whose  spinal  cord*  are  weak  and  irritable.  In  some  pathological  cases 
abo,  such  as  chronic  myelitis  of  the  anterior  column  (anterior  spinal 
•clerosis),  the  reflex  action  of  electricity  is  illustrated  with  great  dis 
tirctneaa.     Localized  faradization,  or  galvanization  of  the  lower  timtu 
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raujr  be  felt  not  only  in  the  part  traverse*!  by  thn  current,  but  in  the 

'anns,  in  the  oppo^ute  limb,  id  the  back,  and  stomach  to  such  a  degree 
u  to  caus«  pain. 

Strong  currents  acting  on  irritable  constitutions  may  sometimes  by 
te&ex  action  shock   the  whole  systeiu,  provided  the  application  bt 
lixed  in  certain  localities.     Thus  in  a  case  of  very  obstinate  con 

"«ipaiion  that  we  once  treated  by  internal  galvanization  of  the  rectum, 
a  current  of  not  very  great  strength,  suddenly  interrupted,  was  disagree- 
j|y  felt  in  ihe  head,  left  hand,  and  feet.     Very  frequently,  indeed,  in 

'experimenting  on  ourselves  or  other  individuals,  or  on  animals,  and  in 
treating  patients,  we  have  received  shocks  through  the  hands  or  anns 

^Ifaat  seemed  to  be  felt  in  all  parts  of  the  body.  In  some  instances  the 
[tain  and  disagreeable  sensations  thus  caused  by  the  rdtlex  action  of  the 
current  last  for  several  minutes  or  hours. 

On  the  circulation  the  reflex  effects  of  electrization  are  demonstrable 
by  delicate  apparatus  for  testing  temperature.  It  has  been  shown  by 
Kperiments  that  electrization  of  one  hand  affects  the  circulation  in  the 

'^hand  of  the  other  side,  so  as  to  change  its  temperature  under  the  thermo- 
electric pile. 
Powerful  electrization  of  feeble  persons  may  cause  a  general  chilli- 

^oets  of  the  extremities  iliat  may  last  for  hours.  A  sensation  of  hav- 
ing caught  cold  has  been  known  to  follow  strong  peripheral  faradiza* 
lion. 

^VhcthcT  the  action  of  the  current  on  the  retina  and  on  the  auditory 
and  gustatory  nerve  is  direct  or  reflex  has  been  long  disputed.  Our 
researches  induced  us  to  the  belief  that  electricity  acts  on  the  nerves  oi 
special  sense  both  redexly  and  directly.  That  the  gustatory  nerve  can 
be  treated  by  rcllex  action,  we  have  sliown  in  a  variety  of  experiments 
with  both  currents.  Sensitive  patients  appreciate  die  sour  ur  metallic 
taiie  when  the  application  is  made  to  the  lower  part  of  the  spine  or  to 
the  arms.  Similarly,  flashes  before  tlie  eyes  may  be  produced  when  the 
el<ctro<les  are  so  placed  diat  the  current  caimot  traverse  directly  the 
region  of  the  brain  where  the  optic  nerve  takes  its  origin.     Kxcitalion  of 

^the  auditory  nerve  by  reflex  action  is  not  so  easily  demonstrated,  but 
initus  aurium  sometimes  follows  electrization  of  the  spine  and  neck, 
ftud  it  is  not  unfair  to  infer  that  it  is  the  result  of  reflex  excitation. 

In  thus  adi  litting  the  possibility  of  exciting  the  nerv-cs  of  special 
sense,  we  do  not  desire  to  give  the  im[>rcssi()n  that  the  ordinary  physio- 

liogical  excitation  of  these  nerves  under  electricity  is  purely  of  a  refle.t 
character ;  on  the  conlrary,  we  liave  shown  alre.ady,  in  the  chapter  on 
]KI4;^tro-Conduc:i^  ity,  that  the  curreni  penetrates  the  brain  arid  goes 
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Ihrougli  those  parts  where  ihe  optic  nerves  originate,  and  also  nil 
pass  through  the  labyriiilli  and  act  directly  on  the  audilorv'  nerve. 

In  reference  to  the  reflex  effects  of  electricity  these  two  cousidera- 
lions  are  of  importance : — 

I.  The  galvanic  currents  operate  much  more  powerfully  by  reBex 
action  than  Ihe  farachc  The  partial  explanation  of  titis  fact  which  we 
offer  is  that  the  greater  chemical  power  of  the  galvanic  current,  due  to 
its  acting  always  in  one  direction,  causes  it  to  operate  more  distinctly 
on  the  ner>'e5  than  the  faradic  current.  This  fact  of  the  superior  rcHex 
capacity  of  tlie  galvanic  current  is  one  of  high  practical  ini|)ort  in  the 
treatment  of  disease,  and  explains  in  part,  if  not  entirely,  the  dangerous, 
or  at  leaAt  unpleasant,  ejects  that  sumdiincs  follow  careless  or  ignorant 
galvanization  in  cerebral  hemorrhages  and  other  irritable  conditions  of 
the  central  nervous  system. 

Althaus  has  recorded  a  case  of  an«sthesia  of  the  fifth  pair  of  cerebral 
nerves  of  &  most  profound  character,  in  which  there  was  a  complete 
absence  of  cerebral  symptoms — dizziness,  Haslies  of  tight,  and  galvanic 
taste— whenever  a  galvanic  current  of  twenty  cells  was  applied  to  the 
(ace.  A  current  from  thirty  cells,  whicli  on  a  person  In  health  would 
cause  powerful  ilaiihes,  a  hissing  sound  in  the  cars,  feeling  of  heat,  and 
perhaps  perspir.it ton,  caused  in  this  patient  only  a  slight  sensation  of 
^ddiness  and  metallic  taste  and  phosphoric  odor. 

This  remarkable  case  is  a  strong  argument  in  favor  of  the  opinion 
that  the  results  of  electrization  of  the  head  and  the  results  of  experi- 
ments like  those  of  Krb  are  due  in  part,  if  not  entirely,  to  redex  action. 

It  is  possible  that  In  the  above  case  the  portion  of  the  brain  where 
the  optic  nerve  originates  was  also  diseased  so  as  to  render  it  insensible 
to  electric  cxciution. 

9.  These  reflex  effects  occur  in  all  tUc  applications  of  electricity  of 
cither  form,  and  conijilicate  the  direct  effects.  The  physiological  and 
therapeutical  effects  of  electrization  of  the  brain,  ihe  eye,  the  car,  the 
cervical  sympathetic,  the  spine,  the  trunk,  and  the  periphery,  every- 
where are  a  complex  resultant  of  both  direct  and  reflex  electrical  ac> 
tion.  Lifeaiized  electrization,  strictly  speaking,  is  an  imposability,  bow- 
ever  closely  together  the  electrodes  may  be  placed,  an<t  however  dis- 
tant from  the  great  nerve  tracts  and  nerve  centres  the  spinal  cord  must 
take  cogniitance  of  Ihe  impression  made  by  the  current  on  llie  sensory 
nerves,  and  other  parts  and  organs  must  share  in  the  effects,  for  bet- 
ter or  for  worse.  It  is  for  this  reason  that  caitlion  is  requisite  even  in 
fanu^ixing  the  paialyzed  muscles  in  recent  hemiplegias  and  in  active  mjr- 
cUtis. 
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The  very  remarkable   results   that   follow   general   faraduation— a 

"whod  to  be  subsequently  described — are  to  oe  accouiiied  for  in  pari 

^y  reflex  actions,  which  are  continually  taking  place  during  all  stages  of 

^'C  anplication. 

,       tactical  AppHeaiion  of  these  PhysxologUal  PrindpUt  to  Electro- 

^^<Tapeutus. — With  the  above  facts  and  reasonings  before  us  ive  arc 

/""eparcd  10  inielligcntly  appreciate  the  effect  of  eUctrieity  on  nutrition, 

*"c  do  not  profess  to  have  exhausted  the  rationale  of  the  complex  action 

***^  tlectricltyon  the  tissues,  but  to  have  indicated  the  leading  principles 

V  virtue  of  which  it  affects  the  nutrition  of  the  animal  body.    Many  dis- 

^cik-vencs  may  yet  be  in  store  for  us  in  this  department ;  it  may  be  shown 

■^ai  ozone  is  (j'cncratcd  in  the  tissues  with  every  passage  of  the  current, 

^v^d  that  this  ozone  is  taken  into  the  circulation  ;  the  subtle  and  intri- 

^-^-^le  chemistry  of  electrolysis  of  living  tissues  in  their  secondary  and 

^^rtiary,  as  well  as  their  primary  changes,  may  be  unfolded  to  the  vision 

^*f  the  future,  and  what  we  now  sec  in  .1  glass  darkly  posterity  may 

uehold  face  to  face ;  but  sufficient  is  known  to  explain  in  a  most  in- 

l.«re3ling  way  the  unrivalled  effect  of  electricity  on  tlie  nutrition. 

Ao  objection  sometimes  brought  against  electricity  is  that  we  do  not 
Understand  its  action  ;  and  yet  in  the  whole  round  of  stitnulnting  tonics 
there  are  but  few  whose  action  can  be  so  well  explained  as  thai 
of  electricity.  Who  knows  bow  arsenic  feeds  the  nervous  s)-stem  or 
how  quinine  breaks  an  attack  of  chills  and  fever?  Why  docs  oxide  of 
zinc  act  with  niagic  force  in  chronic  alcoholism?  How  does  opiuru 
produce  sleep  and  relieve  pain ;  and  who  has  entered  into  the  myste- 
ries of  anxsthe&ia  ? 

Anintal  nutrition  is  a  process  of  enormous  complications.  There  is 
no  single  chemical  change  at  which  one  can  point  and  declare  that 
this  explains  the  growth  and  sustenance  of  the  body  ;  but  there  are 
nameless  and  numberless  phenomena  every  motnent  going  on  in  the 
living  tissues,  and  as  a  result  of  all  tlicse,  in  their  Intinite  play  and  com- 
bination, the  body  lives,  moves,  and  has  Its  being.  KIcctricity  in  i>as»- 
ing  through  the  body  modifies  many  or  all  of  these  processes,  and  thus 
modifies  nutrition.  As  a  resultant  of  the  complex  physical,  chemical, 
and  physiological  action  of  electriciiy  on  the  tissues,  there  is  increased 
developinenl  and  growth, 

Experi mental  and  Clinira!  Proofs  of  the  Effect  of  Electricity  on  Nuiri* 
lion. — Wc  have  studied  the  effect  of  electricity  in  great  detail  on  animals 
and  on  nun.  On  animals  our  experiments  have  been  coniined  to  the 
effects  of  general  faradization ;  on  man  we  have  studied  the  effects  of 
bolli  loc  Uizcd  and  general  treatment. 
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Of  a  litter  of  four  puppies,  Dr.  Beard  submitted  two  lo  gcueral  tux\ 
rtization  every  other  day,  for  eight  minutes  each,  and  two  were  not 
treated,  at)  having  an  e<|iial  chance  at  their  mother's  breast  ajid  notliiog 
besides.      All  the  pupiJics  were  carefully  weighed  at  the  beginning  aod 
at  the  end  of  tiie  treatment,  which  Usted  for  four  week&     It  was  found 
tlial  bollj  of  the  pups  that  had  been  electrized  weighed  more  tJ\an  the 
puppies  tJiat  had  not  been  electrized ;  all  had,  of  course,  increased  in 
weight,  but  of  those  electrized  one  bad  mcreased/o«r  ounces  and  the 
other  tin  ounces  more  than  his  fellows  that  had  not  been  electrized. 
The  difference  of  size  In  favor  of  tlie  pupiiies  that  were  electrized  was 
BU  marked  and  so  easy  to  see,  that  without  great  difficulty  one  who  ha(|^| 
never  seen  tliem  succeeded  in  picking  out,  from  ocular  inspcction,^^ 
those  that  had  been  treated,  and  that  too  in  the  evening,  and  in  a  bad 
gas-light.     It  was  observed  during  the  treatruent  that  the  puppies  which 
were  electrized  became  ravenous,  and  sucked  with  greater  energy  tlian^ 
their  lc9s<favored  compaiwons.  H 

The  method  of  treating  the  pups,  we  may  remark,  was  to  put  them 
on  a  sheet  of  copper,  while  the  hand  of  the  operator  or  a  sponge- 
electrode  was  rubbed  all  over  the  surCice  of  the  body,  previously  moisi* 
enctl. 

The  details  of  the  experiments,  prepared  by  our  assistant,  Dr.  J.  W^i 
Sterling,  who  made  the  applications,  ore  as  follows ' 

Jnly  I.  1S71.  —Weight  of  4  pupi^  10  days  okl : 

2  blulc  pups  [weight  each) i  Itv  6  oz. 

2  yellow  pup%  vrcighc  of  one i  lb.  3^  os. ;  other,  t  lb.  3)  ou 

fnly,  t,  1S71. — Commenced  giMieral  raradiiatian,  each  apjitiaicion  aboutS  ininiiteibl 

Applie<l  it  to  one  of  the  black  paps,  weight  1  tb.  6  to.,  aad  the  Ugbtest  of  the  ysk] 
low  piip-s  weight  I  111.  2)  ot. 

Continued  the  %|>pU<;ition>  four  weeks,  tanking  llircc  cash  week. 

Jttly  28,  1871, — Wciglieii  ihe  piipi  after  twrlve  applicaliooi. 

I  bliulc  pup  (general  rai.vtuatluu) 3  Ifab     701. 

t  black  pup  (no  raradiiaiion^ 3    '•    13    •* 

f  yellow  pup  Cgcneial  faraduatkui)...........,,.,, ...     3    "     o    ** 

I  yellow  pup  (no  fonuluation) 1    •'    13    •« 

Making  a  dear  gain  for  ibe  etttlrned  fuf  (black)  of  10  oL,  for  th«  yetlow  electriied 

pap,  4  au  jfl 

This  we  believe,  was  the  first  comparative  experiment  of  this  kind 
made  with  the  faradic  current.  Subsequently,  Dr.  Beard  repeated  the 
expcrimenton  a  litter  of  three  rabbits.  Two  were  faradized  every  other 
day ;  to  the  other  no  treatment  was  given.     At  the  end  of  six  weeks  dM 
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Doe  not  treated  was  visibly  larger  ihan  either  of  those  tJiat  were  treated. 

We  explained  this  uneiqtected  result  hj  the  theory  that  the  cunent  had 

bcvtt  used  too  strong  and  too  long  for  the  young  and  delicate  animals. 

The  cx|>crinicnl  was  carried  on  while  we  were  in  the  country,  and  ihc 

detaiU  were  Intrusted  to  those  who  were  utterly  incompetent  for  theii 

duties.     The  directions  given  were  to  put  the  feet  of  the  rabbits  in  a 

basio  of  tepid  water,  and  after  well  moistening  the  hack  of  the  neck  to 

pass  the  current  throu^  for  ten  minutes;  on  account  of  the  non  con- 

''uctivity  of  the  dry  hair  of  the  labbit,  general  faradization  was  almost 

Ui3[>ossiblc 

l^gros  and  Oniinus  etecliized  with  ihc  galvanic  current  some  pup- 
pics  for  a  quarter  of  an  hour  every  day,  by  placing  one  of  the  fore-paws 
svxul  one  of  the  hinder  paws  in  tcptd  water  connected  with  tJie  rtec- 
tTxwles.  At  the  end  of  six  weeks  those  that  had  been  electrized  weighed 
»»iore  than  the  same  lot  that  had  not  been  electrized  ;  and  this  ditfer* 
»=nce  was  perceptible  to  simple  inspection  ;  one  was  galvanized  wiih  the 
siscending,  and  the  other  with  the  descending  current. 

'l"hc  effect  of  faradi/^ition  on  nutrition  is  powerfully  illustrated  by 
the  exi>ericncc  of  those  who  haliitually  or  frequently  ap])ly  general  fara 
dilation  tlirough  their  omii  persons,  taking  an  electrode  in  one  hand, 
and  applying  the  other  to  the  body  of  the  patient.  In  this  method  the 
current  passes  tlirough  both  arms,  and  x-igorously  contracts  the  muscles. 
The  ptrmaneni  effects  of  the  current  on  the  person  of  the  operator 
ire : 

I.  To  cause  very  marked  and  sometimes  rapid  growth  of  the  muscles 
pj  the  arms. 

The  explanation  of  this  phenomenon  is  sufficiently  easy.  The  mus- 
cular contractions  that  are  produced  by  the  current  in  its  passage 
through  tlte  arms  cause  increase  of  the  local  processes  of  waste  and 
repair,  and  accordingly  the  muscles  increase  in  si/.e,  just  as  they  natu- 
rally do  under  the  influence  of  any  other  form  of  active  or  passive  exer- 
cise. Tilts  mechanical  explanation  would  be  of  itself  sufficient,  but,  in 
addition,  it  is  entirely  probable  that  the  electric  current  exercises  a 
(Greet  and  spccihc  influence  on  the  uervc-branches,  which  etfert  is  ex 
presseil  by  the  increased  size  and  vigor  of  the  muscles  tlirough  which 
the  nerves  ramify. 

Dr.  Rockwell,  during  his  first  experimental  attempts  in  the  ireatmeni 
of  disease  Ly  general  electrization,  observed  a  decided  increase  in  the 
tiovelopment  of  the  muscles  of  the  ann.  It  began  lo  force  itself  on  hif 
attention  a  few  weeks  after  he  commenced  to  give  si>ecial  attention  to 
iteneral  electrization,  and  at  the  present  time  it  is  fully  as  marked  as 
'3 
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ever.  Both  arms  of  each  one  of  us  have  not  only  increased  nmcb  ic 
size  by  actual  measurement,  but  also  correspondingly  in  strength  and 
hardness.  This  effect  ts  ubscrved  in  the  arni  and  forcarni,  but  most 
decidedly  in  the  muscles  trhich,  from  their  position  or  nerve  supply, 
contract  most  readily  and  vigoroii»Iy  when  the  current  passes  from 
hand  to  hand,  such  an  (he  deltoid,  brachialis  amicus,  bicei>s,  and  the 
flexors  and  extensors  of  the  forearm.  This  same  effect  has  been  noticed, 
to  a.  greater  or  less  degree,  by  our  students,  and,  so  far  as  we  have 
been  able  to  ascertain,  by  others,  who  have  employed  electricity  through 
their  own  persons  for  any  considerable  period.  Thts  development  of  the 
arms  seems  to  i)rogrcs3  up  to  a  certain  limit,  at  which  it  remains. 

3.  A  very  gradual  but  decUcd  lenic  infitunee  on  tJie  system. 

This  effect  is  so  exceedingly  slight,  that  in  a  very  hardy  and  vigorous 
person  it  would  not  be  rccogniicd.  That  ihe  current,  in  passing  from 
hand  to  hand,  hO  frequently  and  so  long,  should,  in  Ihe  course  of  time, 
mildly  affect  the  general  system,  is  entirely  probable.  Like  any  other 
muscular  exercise  of  the  arms — gynmastics  and  tJie  use  of  tlic  cliibtt— 
its  inHuence,  so  far  as  it  goes,  must  be  positively  tolling  and  beneficial 
to  the  constitution. 

Ejects  of  £UctrifUy  en  Bacteria.— Cohw  has  experimented  with 
eleciriciiy  on  bacteria.*  Currents  Irom  two  powerful  elements,  steril- 
ized the  nutritive  solution  completely  at  the  positive  i>olc  in  twelve  lo 
twenty-four  hours,  su  that  afterwariJ  the  bacteria  produced  did  not  in- 
crease. At  the  negative  pole  the  action  was  weaker,  the  liquid  not 
being  completely  sturilized.  At  neither  of  the  poles  wrrt,-  the  bacteria 
killed,  and  when  bruuglit  Into  another  nutritive  Huid  tUcy  devclo|>ed 
normally. 

V'cast-cells,  on  the  other  hand,  and  ntycclium  fungus,  brought  into 
the  liquid  that  was  sterile  for  bacteria,  increased  pleniifully  at  the  |K)si- 
tive  pole.  A  battery  of  five  strong  elements  killed  the  bacteria  dis- 
Itibnted  in  Ihe  liquid  within  twenty  four  hours  and  sterilized  the  liquid 
at  both  poles. 

KJftct  of  Electricity  on  the  Growth  ef  Plants. — The  influence  of 
electricity  on  the  growth  of  plants  has  recently  been  studied  by  Mr.  If. 
H.  Bridgcnim,  of  Norwich,  England.  On  a  plate  of  glass  three  inches 
square,  two  strips  of  sheet  tin  are  laid,  so  as  lo  almost  touch  in  the 
centre.  On  this  gUiss,  and  over  the  tin  strips,  is  spread  a  piece  of  felt 
moistened  with  rain  water.  On  its  dampened  surface  cress  seeds  are 
thickly  strewed.    The  tin  plates  are  connected  with  Ihe  poles  of  a  weak 

*  Mtd.  Prttt  and  Cireu/ar,  June  9,  iSSa 
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lv2T))C  baitcry ;  the  result  is  timt  one-half  of  the  felt  is  charged  with 
i&itive  and  ilic  other  haU'  with  negative  electricity.  At  the  side  of  this 
|>liie  is  a  second  plate,  winch  has  conneclioti  with  the  bAttcry,  and 
tt|>OD  which  the  seeds  grow,  subjected  to  no  artificial  conditions.  After 
four  days  the  seeds  on  the  oi>|>bsite  side  of  the  lirst  piece  of  felting  gave 
signs  of  gemiination,  ajid  the  hulls  were  shrivelling  up  and  becoming 
black.  On  the  negative  side  of  the  felling  the  seeds  were  swollen,  and 
their  hulU,  which  retained  their  natural  color,  were  beginning  to  burst. 
Ll  the  end  of  six  days  the  first  shoots  made  their  appearance.  Several 
rdiys  later  the  first  shoot?;  appeared  upon  the  second  plate.  A  strange 
result  of  this  trial  was,  that  while  on  the  negative  pole,  where  (here  was 
every  sign  of  stronger  development,  the  root-sprout  sank  downwaid 
into  the  moist  felting,  the  roots  from  the  positive  side  rose  upward  from 
the  blackened  and  dricd-up  seeds. 
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HIBTQRV  OF  ELECnUVTHBRAPXUTlCS. 


EtettrO'Tkerapeuties  is  thi  science  thai  treats  of  the  study  ef  ettctrU 
city  in  its  relation  to  disease. 

It  includes  both  EUctro- Medicine  and  Electro-Surgery,  or  as  ihe) 
are  more  commonly  lenned,  Medical  and  Surgical  Electrieiiy.  Undet 
Ntedical  Electricity  are  included  Electro-Diagnosis,  or  Electro-Pathology^ 
as  it  is  sometimes  termed,  and  Electro-Therapeutical  Anatomy. 

The  earliest  history  of  electro-therapeutics,  as  of  many  other  depart 
meiits  of  medicine,  is  shrouded  in  obscurity.  It  dates  back  to  a  mythL 
cal  and  legendary  a^,  before  mankind  had  been  trained  to  habits  of 
scientific  criticism,  while  yet  histor}'  was  a  mass  of  traditions,  and  nunoi 
vas  a  substitute  for  truth. 

It  is  said  that  centuries  ago  the  negresses  of  West  Africa  were  accus- 
tomed to  dip  their  sick'cliitdrcii  in  water  where  lay  the  electric  fish  called 
the  torpedo.  The  remedial  powers  of  elcctridt)'  were  also  referred  to  by 
riiny  and  Dioscorides.  Sctlboniits  Largus,  a  physician  of  Itie  time  of 
Tiberius,  was  accustomed  to  prescribe  the  same  remedy  in  the  treat- 
ment of  gouL  As  long  ago  as  the  days  of  Fliny,  necklaces  of  ambei 
were  worn  by  women  and  cluldren  for  the  sake  of  their  siipjxised  reme- 
dial powers. 

The  mysterious  power  of  the  magnet  was  known  to  the  ancient  world, 
but  we  have  no  reason  to  believe  that  it  was  ever  exienMvely  resorted 
to  by  them  fur  the  cure  of  disease.  In  Europe,  during  the  middle  ages, 
the  loadstone  was  used  in  the  Irealtnent  of  disease,  and  although  its 
iuccesseswere  trifling  it  aroused  the  professional  attention  and  received 
extravagant  praise  from  the  distinguished  Paracelsus.  About  the  mid- 
dle of  the  eighteenth  century,  Maximilian  Hehl,  of  Vienna,  and  others, 
excited  a  new  and  more  successful  interest  in  ihe  use  of  magnetism  in 
disease  by  the  manufacture  and  employment  of  aitificial  magnets. 

The  real  history  of  electro -therapeutics  may  be  divided  into  three 
eras :  the  Era  of  FranUinic  Electricity,  including  the  early  and  crude 
exiKrriments  with  the  frictlonal  machines  and  the  Leyden  jar  ;  the  Era 
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0j  Gaivamtaiien,  beginning  with  the  publication  of  the  discovery  of 
Galvam.  in  1791,  and  including  the  invention  and  medical  employmeni 
of  Ihe  voltaic  pile  ;  the  Era  of  Faradization,  beginning  witli  the  discov- 
ery of  induction,  in  1S31-32,  and  including  all  thai  has  since  been  ac> 
complished  in  tlie  department  of  localized  and  general  electrization. 

In  the  first  era  only  frankUnic  clcctricily  was  used,  because  it  was 
the  only  form  that  was  known ;  in  ihc  second  era,  both  franklinU 
electricity  and  galvanism  were  used,  since  the  latter  stiiipteuiented,  but 
not  entirely  supplanted,  (he  former ;  in  the  third  era,  all  three  forms  of 
electricity — franklinic,  galvanic,  and  faradic — were  brought  into  reqiiiai 
tion,  though  the  use  of  franklinic  is  confined  to  a  few,  and  wilt  proba- 
bly soon  become  historic. 

The  Era  of  Frattkiinif  Bleciridty. — The  records  of  this  era,  though 
not  extensive,  are  yet  both  interesting  and  suggestive.  It  is  probable 
that  in  this,  as  in  the  second  era,  ver)-  much  was  attempted  and  even 
Rccompltshcd  in  this  department  that  has  never  been  recorded  in  per- 
inanenl  medical  literature,  and  therefore  could  never  become  of  ralue 
Co  science. 

In  1730  Etiennc  Grey  first  observed  divergence  of  the  hairs  in  an 
isolated  subject  ]>ut  in  communication  with  static  electricity. 

The  same  experiment  was  reiwated  by  Abbt  Nollet  and  Du  Fay. 
Uu  Fay  observed  tiie  electric  Aparks  drawn  from  the  isolated  subject 

Nollet  says,  "  I  shall  never  forget  the  surprise  which  the  first  electric 
spark  ever  drawn  from  the  human  body,  excited  both  in  M.  Du  Fay 
uid  myself." 

Sparks  were  then  drawn  from  the  body  in  various  shapes — one  of 
which  was  called  the  electrical  kiss ;  other  forms  were  known  as  the 
"electrical  star,"  "electrical  rain,"  and  so  forth.  The  drawing  of  the 
■parks  constituted  a  great  source  of  amusement  in  the  sotiiety  of  the 
period. 

In  1743  Kntger  d'Kelmstadt  suggested  that  these  electric  sparks 
might  be  made  of  service  in  therapeutics. 

In  1744  Krat2cnstcin,  a  German  physician,  recorded  a  case  of 
cure  of  paralysis  of  the  fingers  by  spatks  drawu  from  a  frictional  ap- 
paratus. 

In  1746  the  discovery  of  the  properties  of  the  Lcyden  jar  by  Mus- 
chcnbroek  gave  physlciflns  a  new  means  of  using  electricity  in  the 
treatment  of  disease. 

In  1749  Jallabert,*  of  Geneva,  published  a  Ircalise  on  the  medical 
Me  of  electricity,  in  which  he  reported  a  cure  of  long-standing  paralysis 

*  Sxptritmti  tur  Eitefrieit/,  PlfU,  1747, 
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of  the  right  arm,  resulting  from  injiiiy,  by  elwitric  sparks.    Tlic  ciue 
•ras  brought  about  in  two  or  three  months,  and  may  perhaps  be  re-' 
garded  as  the  first  decided  and  unquestioned  result  ofihe  kind  that  was 
obtained  in  the  early  days  of  electrotherapeutics. 

1750  Ncbel  showed  chat  contraction  of  the  muscular  tissue  was  pro- 
duced by  electrization, 

Bohadlch,  of  Bohemia,  also  recommended  electricity,  especially  for 
the  trcamicnt  of  hemiplegia. 

In  1753  IJndhuIt,  a  Swedish  physician,  reported  a  cure  of  epilepsy 
by  electricity. 

In  1754  Siilzer  made  his  famous  experimer.t  on  the  tongue  with  zinc 
and  copper  plates.  {See  Klectro-Pliysiology).  He  did  not,  however. 
pursue  his  experiments,  and  it  was  reserved  for  Galvani  and  Volta  to 
discover  galvanism. 

In  1755  De  Hien  reported  a  large  number  of  electrical  cures  of 
paralysis,  spasmodic  and  other  nervous  afieclions,  and  also  of  siipprcs 
sion  of  the  menses,  and  St.  Gu/s  dance.  About  this  time,  also. 
Schaeffer  and  Nelwl  published  cures  of  rheumatism,  toothache,  hypo- 
chondria, paral)'3is  of  the  optic  nerve,  and  of  intermillent  fever  and 
neuralgic  paihs.  Hctwccn  1750  and  1  757,  cures  of  paralysis  were  re- 
ported by  Hrydonc,  Bertholon,  Sauvages  of  Montpclier,  and  Spry,  the 
latter  of  whom  cured  a  case  of  lockjaw  and  paralysis. 

The  position  that  clcclro-thcrapcutics  held  at  that  time,  and  the 
hopes  that  were  entertained  of  it,  is  very  well  represented  in  a  little 
treatise  by  the  eminent  divine,  Rev.  John  Wesley,  entitled,  The  Dtsid- 
eratum  ;  i>r,  Electridiy  Made  Plain  and  Useful,  by  a  Loi'er  of  Matihind 
and  of  Common  Seme.     1 759.* 

In  this  treatise  the  author  anticipateSf  in  a  sort  of  theoreticil  way, 
very  much  that  has  since  been  demonstrated,  both  in  electro-physics  and 
electro-therapeutic 8,  and  with  surprising  accuracy.  In  the  preface  he 
acknowledges  his  indebtedness  "to  Mr.  Franklin  fc»r  ihc  speculative 
part,  and  to  Mr.  Lovcit  for  the  practical."  He  also  mentions  as  authori- 
ties, Dr.  Haadley,  Mr.  Wilson,  Watson,  Freke,  Martin,  Watkins,  and 
the  Monthly  Magazine,  whence  we  may  conclude  that  even  at  that 
early  day  the  subject  was  exciting  much  interest,  but  more  among  the 
laity  than  In  the  profession. 

From  the  tone  of  the  book  it  is  clear  that  the  Faculty,  as  Wesley 
calls  the  profession,  were  disposed  to  despise    electro-therapeuuci 
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lod  10  reject  it»  claims,  as  they  have  been  ever  ranee,  until  vrithht  a  fen 
jvirs.  and  consequently  they  siiffcrcti  what  was  really  valuable  in  medi- 
cine to  be  monopolizctl  by  the  lait}'. 

The  mind  of  Mr.  Wesley,  as  llie  world  knows,  was  of  the  practical 
KKt,  a.nd  in  this  treatise  he  docs  not  suffer  himself  to  be  carried  away 
into  gross  hyperbole  or  serious  nnlrulh.  He  expressly  disclaims  an) 
idea  of  regarding  electricity  as  a  panacea,  but  saya  what  we  now  know 
to  be  true,  that  it  is  indicated  in  a  wide  range  of  disorders  ;  but  that  if 
my  one  agent  sliouUI  ever  become  a  panacea,  electricity  stood  the  btsi 
chance  of  being  that  agent. 

Evidently  ignorant  of  Franklin's  invention  of  lightning-rods,  in  1775, 
he  suggests  that  buildings  and  ships  might  be  saved  from  the  effects  of 
li^tning,  by  '*  upright  rods  of  iron,  made  sharp  as  needles  and  gilded  to 
prevent  rusting,"  and  connected  with  ihc  canh.  He  further  suggests, 
that  the  northern  lights  are  of  electrical  origin. 

He  gives  the  following  list  of  diseases  in  which  electricity  is  of  service, 
with  a  number  of  ilhistrative  cases,  most  of  which  are  very  imperfectly 
detailed.  It  will  be  observed  that  most  of  these  diseases  are  still  treat- 
ed electrically,  and  with  greater  or  less  success.  It  seems  from  the  list 
that  the  treatment  of  diseases  of  the  skin  by  electricity  is  simply 
another  attempt  to  effect  what  w.-is  accomplished  with  success  more 
Ihan  a  century  ago. 

All  these  conclusions  of  Wesley  and  his  contemporaries  were,  how- 
ever, based  on  experiments  made  n-iih  franklinic  electricity.  The 
worid  wa9  to  wait  fort)'-one  years  for  the  Voltaic  pile,  and  scventy-twa 
years  for  Faraday  10  discover  induction, 

"  AcuB,  St.  Anllton)-'!  Fire ;  BUnJimt,  even  from  &  Gatu  Serena ;  Btood  Cxlr*- 
TtaBtecl :  BroncHocele ;  Ch1oro*ii;  CoUine«  In  ihe  Fmi  ;  Coiwimolion  ;  CoDlractkia 
vTiheUmbt;  Cnimpt;  Dcafticu;  litopsy;  K])ilepsy ;  Feet  violently  dKordared; 
Felons;  FiMiila  LacrymalK;  Gout;  Grnvel;  llead^ache;  llycteiicc;  Inflamma- 
tions; Ki"^%£Til;  tCnots  in  the  Tlcsti ;  Lamcrieu  i  Leprmy;  .Mortification;  Pun 
in  the  Duk,  in  the  Stomnch;  {'.-ilpltmiom  of  tlie  Heart ;  Talty ;  ricuriiy;  Rhcu- 
nutign;  Kinswormsj  Sciatica;  Shingln;  Sprain;  Sore  l-'cct ;  Swellings  (if  all 
kladf ;  Thront  sore  j  Toe  hurt ;  Tooth-ache  ;  Wen." 

In  1763  Watson  cured  a  case  cf  general  tetanus  in  a  young  giri  of 
Seven  years.  Although  the  fame  of  the  cures  wrought  by  electricity 
attracted  crowds  of  invalids,  yet  by  the  ignorant  and  supersiicious  11 
was  confounded  with  witchcraft,  and  the  aid  of  the  priest  was  invoked 
to  save  them  from  its  baneful  inducncc.* 

•  A  7>eaiht  an  .^ftdkaJ  Rtettrieity,  Tkeoretitat  an4  Prartifat  By  J.  Allliaus 
IU>.     1870,  p.  384. 
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AbU  Sans  puIiUshcd  a  work  on  the  medical  use  of  elecbialy, 
recorded  important  cures.  According  to  this  authority,  there  were 
•even  different  methods  -of  emplojing  static  electricity — "  an  electric 
bath,  drawing  sparks,  by  irroration,  friction,  insufflation,  exhausbon,  and 
commotion."  Injurious  and  negative  as  well  as  favorable  results  were 
sometimes  re;K>ricd.  Thus  Dr.  Hart  brought  on  luralyais  in  a  girl, 
and  Abb6  Mazras  excited  epilepsy  in  one  of  his  patients.  Benjamin 
Franklin  failed  to  cure  the  invalids  that  flocked  to  him  after  his  great 
discovery,  and  Abb*  Nollet,  after  many  years'  experience,  was  com- 
pelled to  admit  that  he  had  seen  but  little  permanent  beneflt  from 
electririty. 

Symptoms  only  treated  in  tfust  early  ExperimfNts. — In  these  early 
and  many  of  the  later  experiment!),  not  disease,  but  the  results  of 
disease,  were  both  studied  and  treated.  When  electricity  was  applied,  it 
was  to  the  symptoms  an{l  not  to  the  pathological  condition  ;  hence  the 
enormous  blunders  and  fre<pient  failures  of  the  early  clectro>therapeu- 
lists.  The  symptoms  most  treated,  and  in  the  treatment  of  which  the 
greatest  hopes  were  entertained,  were  blindness,  deafness,  |jaraJysis  of 
motion,  symptoins  which  are  now  known  to  depend,  in  very  many  in- 
stances, on  pathological  slates,  which  are  in  their  very  nature  as  incurable 
■s  death  itself-  Still  further,  the  applications  were  made  to  the  seat  of 
the  symptoms  exclusively,  instead  of  to  the  seat  of  the  disease,  and  this 
mistake  helped  to  swell  the  number  of  the  failures. 

Fhj'siology  and  pathology  had  not  yet  reached  that  degree  of  strength 
and  breadth  of  siircness  to  furnish  good  foundation  on  which  to  erect 
the  science  of  etccirothcrapeimcs,  and  wiihal  the  appliances  for  gene- 
rating elcctncity  were  bulky  and  untrustworthy. 

Electrotherapeutics  was  therefore  baffled  in  its  first  attempts  at 
growth,  ihrongh  lack  of  needful  siip[iort  from  allied  and  fundamental 
sciences  ;  it  must  wait  fur  physics,  for  physiology-,  for  pathology  to  come 
to  its  rescue,  which  in  due  time  they  have  done  and  arc  now  duing. 

In  1773  and  1778  .Maduyt  presented  memoirs  •  |  on  the  subject, 
in  which  he  affirmed  in  his  report  that  electricity  was  a  remedy  of  vast 
and  varied  powers  ;  that  it  bad  a  positive  and  very  beneficial  influence 
over  nutrition  ;  and  that  it  equalized  the  circulation,  materially  affected 
the  pulse,  the  perspiration,  and  the  secretions ;  and  was  surimsinglr 

•  Mem.  snr  les  cfllei*  g#n*rai«.  In.  nxture  et  I'nvge  da  fluidc  ^Icclriqae  contiAiti 
rommc  mir^ticaineat.     Lu  en  deccwbre,  1778,  ^  \a,  Sodite  royale  de  m^tlectLC 

f  Mem.  Bur  loOifTt^rcnm  muTii^s  d'atlmintttrer  lViectricil>',  et  olMcmtkiui  «u 
In  dTcti  que  CCS  ditfcn  oioyeni  ont  produiti.  Lu  en  dccembn,  1785,  i  U  SocUtrf 
myalr  de  B^deciiie. 
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Inefficacious  in  the  treatment  not  only  of  paralysis,  but  also  of  other  con 
litions,  such  as  con^tijuiiion  and  oetlema.  This  rcrport  aroused  con- 
■derable  interest  in  electro  therapeutics  on  die  part  of  the  profcBsion, 

^tnd  (or  a  season  the  applicaljon  of  franktinic  electricity  became  exten- 
Rvely  |>opular.  In  1777,  Cavallo  published  awork*which  excited  con 
liilerablc  attention.  He  reported  cures  of  epilepsy,  paralysis,  chorea, 
deafness,  blindness,  rheumatism,  glandular  enlargements,  and  rccwu* 
mended  electricity  as  a  means  of  artificial  respiration. 

On  the  theory  that  medical  substances  might  be  combined  vith 
dectricity,  Pivati,  of  Venice,  placed  in  his  electric  machine  a  glass 
cylinder,  61led  with  Peruvian  balsam,  and  Giuseppe  Brtini  affirmed  that, 
by  the  same  arrangemeni,  filled  with  purgatives,  he  had  produced  the 
same  effect  on  an  clectrifieil  patient  as  though  the  remedy  had  been  ad> 
ministered  internally,  f 

In  1783  Wilkinson  presented  the  results  of  some  experiments  with 
electricity  in  England.  Although  the  fame  of  the  cures  wrought  by  the 
new  remedy  attracted  thousands  of  the  people,  yet  by  the  ignorant  and 
superstitious  eteclricity  was  confounded  with  the  spirit  of  evil. J 

Of  the  seven  methods  of  employing  statical  electricity  recommended 
y  these  early  exjierimentcrs,  but  three  were  in  cumiiion    use.     These 

P*ere,  the  tUctric  hath,  etectrisatwn  by  sparks,  and  shctks  from  the  Ley- 
ien  jar. 

The  Era  of  Galvanization. — Animal  electricity  was  discovered  by 
Gatvani  in  1786,  and  made  ]nih1ic:  in  1791.  It  was  by  tlic  experiments 
of  Calvani  that  Vnlta  was  slimulaleil  to  investigate  the  stibjeci  of 
electricity.  He  denied  the  existence  of  animal  electricity  which  Gal 
vani  had  discovered.  One  of  the  most  important  fruits  of  the  discus- 
sion that  arose  between  them  and  their  respective  followers  was  the 
construction  of  the  voltaic  pile,  which  for  many  years  physicians 
employed,  with  various  alternations  of  failure  and  success,  in  the  treat- 
ment of  disease. 

In  the  period  intervening  between  (he  discovery  of  animal  electricit>' 
by  Galvani,  and  the  construction  of  the  pile  of  Volta,  electricity  was 
applied  to  the  body  liy  means  of  metallic  plates,  joined  together  by  a 
metallic  arc.  Sometimes  these  were  simply  placed  against  the  skin, 
and  sometimes  over  spots  denuded  by  a  bUster.g 

•  A  Complete  TrcalL-w  on  Electricity,  in  Theory  and  Pradlce,  with  oHginol  Ex. 
pcriinroli.     LonJici,  1777.     Id.,  Medical  Electricity.     Loiulret,  17S0. 

f  Akhaus,  opi.  di.,  p.  aSy. 

(A.  Tripter,  Manuel  (I'^tectro-tbirapi^  expoi^  pratique  et  critique  (lesB|^>lkatia«ii 
B^dlcaW  et  chirurelcftlei  de  IMleclrict^.     Paris,  iSfio.       g  Tripicr,  op.  dc ,  p.  263. 
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In  17921  Bclirend,  Crevc,  and  Klein  suggested  ihe  use  of  galvanism 
At  a  tTMan$  of  distin^ii^ing  real  from  apixarent  death.  The  ^rst 
attempts  to  nuke  galvanism  of  practical  service  in  the  treatment  of 
disease  were  made  by  Professor  Kodcr,  of  Jena.  The  resulla  of  his 
experiments  were  unsatisfactory. 

In  1793  liufeland  and  Reil  advised  the  use  of  galvanism  in 
paralysis. 

]n  1796  PfafT  advised  the  same  remedy  for  aniauroas.  None  of 
these  authorities  spoke  from  much  personal  exi>erience.* 

in  1797,  Alexander  von  Huiuboldtf  suggested,  on  theoretical 
grounds,  the  use  of  galvanism  in  paralysis,  rheumatic  |>ains,  and  dis- 
eases of  the  eyes. 

VaUi  actually  restored  to  life,  by  galvanism,  frogs  and  fowls  that  had 

Ml  nearly  Kuffocaled.J 

The  voltaic  pile,  invented  in  1800,  marked  an  era  in  tfae  medical  use 
of  the  galvanic  current,  because,  with  all  its  imperfections,  it  was  vastly 
superior,  for  thcra]>eutic  purposes,  to  the  metallic  plates  that  had  pre- 
viously been  employed  during  the  period  which  had  elapsed  since  the 
discover)'  of  Galvani.  It  was  at  once  employed  by  I,oder,  in  Jena,  by 
Grapengiesser,§  BischofT,  and  Lichtenstein,  in  Berlin,  and  by  HaJlcr, 
in  Paris,  chiefly  in  cases  of  paralysis. 

In  iSoi,  Augustin,  of  Berlin,  published  a  treatise  on  galvanism,  in 
which  he  reixjrtcd  results  of  treatment  of  i>ara!ysis  by  applying  the 
negative  pole  to  the  central  end  the  nerve,  and  Ihe  positive  to  the 
peripheral.  Prof.  Schwab  experimented  with  the  voltaic  pile  in  cases  of 
deaf.nmteism.  In  1S02  Sigaud  de  la  Fond  pubtislied  a  work  in  which 
he  recommended  franklinic  electricity  for  nearly  every  form  of  disease. 
In  1804,  Aldini,  a  pupil  of  Clalvaui,  published  a  treatise  on  galvanism, 
in  which  he  theoretically  recommended  it  for  deafness,  insanity,  and 
amaurofiis,  and  also  to  produce  artitictal  respi ration. || 

Even  during  this  era,  and  for  many  years  after  the  invention  of  the 
voltaic  pile,  franklinic  electricity  was  still  employed. 

In  1817  Dr.  Thomas  Brown,  of  Albany,  published  a  woik  entitled 
*'  T^e  Et/icreal  Pkysician"  in  which  he  recommended  franklinic  electri- 
city for  paralysis,  tic-doulonreux,  epilepsy,  chorea,  and  in  a  large  variety 
of  disorders. 

•  Trtpler,  op.  cit. ,  p.  363. 

\  Venuch  uber  die  geietite  Mo&ltel  und  Nervenfasa.     Berlin,  I797> 
}  Experience  nir  le  gmlvanhmc,  irnduit  par  J.idi?lot.     ru-is,  I799< 
g  Vemichc    den   Galvinismui  zur    llcilung    einiger    Krankhdtcn    umiweDilai 
Berlin,  1801.  I  Eiiii  thrfoticjuc  ct  Kprfrimcnia  9ur  Ic  g»K-ani*iti<,     1804. 
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(n  iSiS  Dr.  Ererctt,  of  New  York,  published  something  on  Ihe  use 
of  eltxtricity  ID  medicine  that  was  based  on  expericacc  that  he  had  de> 

I  tired  with  the  apparatus  of  Dr.  Bron-n. 

la  spile  o(  all  these  endeavurti  un  the  part  of  scientific  men  to  give 
bponance  and  dignity  to  the  cause  of  clcctro-therapcuiics,  it  failed  lo 
fijlfil  the  extravagant  exiicctalions  that  hail  been  fonucd  of  it ;  a  reaction 
foiluwed,  and  it  fell  into  disrepute.  Electricity  had  been  tried  fur  a 
wide  range  of  tliscases,  but  partly  on  account  of  the  inconstancy  of  the 
voltaic  pile,  and  partly  thruugh  the  ignorance  of  the  operators,  it  wai 
bund  to  be  a  mo^t  uncertain  remedy.  It  was  confounded  witli  mes- 
Rierism,  which  at  this  period  came  into  notoriety,  and  for  a  time  it 
shared  its  fate. 

Many  of  th<  tarly  ExperimaUs  made  by  the  Laity. — It  ••ill  be  seen  by 
.  glance  at  the  above-men doned  names  that  the  earliest  experiments 

'In  electro- therapeulicA  were  made  by  the  laity.  A  science  that  now 
commands  some  of  the  best  brains  of  civilization  was  bom  among  the 
ible  ajid  the  lowly.  It  was  cradled  in  ignorance  and  reared  and 
stered  by  those  who,  however  eminent  in  other  walks  knew  Utile  or 
nothing  <£  medicine.  Chemists,  physicists,  priests  and  paupers,  monks 
and  mountebanks,  were  in  the  eighteenth  century  the  leading  aiichoriiies 

'in  elcctio-therapeutics.  If  there  were  those  at  this  time  who  had  faith 
in  the  coming  of  a  better  day,  when  elcclro-lherapeuiics  should  be  a 
recognized  and  permanent  part  of  the  medical  science,  it  was  their  mis- 
fortune to  die  without  the  sight.  Not  until  the  close  of  the  eighteenth 
centur)*  were  the  great  discoveries  of  Galvani  and  Volia  revealed  to  the 
world,  which  was  to  work  and  wait  for  at  least  half  a  century  before  it 
should  sec  even  the  beginning  of  the  fulfthncnt  of  iis  hopes.  Some  of 
tlic  great  sciences,  like  some  of  the  great  religions,  have  had  the  hum- 
blest origin. 

Of  the  early  history  of  electro-physics,  Whewell •  thus  remarks:— 
"  A(  such  a  period  a  large  and  popular  circle  of  sj>ectators  and  ama- 

'leura  feel  themselves  nearly  upon  a  level  in  the  value  of  their  trials 
and  si>ecutallons  with  tlie  mure  profound  thinkers;  at  a  later  period, 
when  die  subject  is  becoming  a  science,  that  is,  a  study  in  whicli  all 

^hiust  beleft  far  behind  who  do  not  come  to  it  with  disciplined,  inTortiicd, 
and  logical  minds,  the  cultivators  are  far  more  few,  and  the  share  of 
applause  less  tumultuous  and  less  loud.  Electricity,  to  be  now  studied 
i^htly,  must  be  reasoned  upon  niatheinatically." 

What  WhewctI  here  s.iys  of  electro-physics  may  just  as  truly  be 
applied  to  electrotherapeutics. 

*  lltrtory  of  the  InJuctive  Sciences,  ad  ed.^  vul.  U.,  [■.  300. 
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CHARACTER  OF  THE  E.VRLY  EXPERIMENTERS. 


In  die  earlier  experiments,  the  philosopher  and  the  fool  were  pretty 
nearly  on  the  same  level  in  their  knowledge  of  die  application  of  tliifl 
subtle  force  to  the  treatment  of  diseases,  with  tins  advantage  on  the  side 
of  the  [oot,  that  through  the  very  excess  of  his  ignoiance  he  dared  and 
ventured  where  the  philoiopher  knew  just  eno»igh  to  fear  to  tread. 

It  tvas,  as  we  shall  see,  a  long  time  before  electro- therapeutics  should 
be  gradually  dcvcIo)K:d  into  a  science  of  sufikicnt  pusiciveness  to  com- 
mand Ute  attention  of  men  of  science  for  its  own  sake,  and  to  excite  the 
desitjir  of  ihe  ignoranL 

Here,  as  in  ail  other  realms  of  investigation,  the  development  is  Irom 
simplicity  lonards  complexity,  from  generals  to  specials,  and  from  trutha 
that  are  common  to  all  classes,  to  truths  that  only  a  few  specialists  can 
thoroughly  master.  We  are  reminded  here  of  the  beautiful  thought 
of  Thorcau.  When  reproached  for  his  excluMvencss  and  love  of  sriitude, 
he  replied,  "  It  is  not  so  much  that  I  love  to  be  alone,  as  that  I  love  to 
ioar,  and  the  higher  1  ascend,  the  company  grows  thinner  and  thimier. 
until  at  last  I  am  left  almost  atone," 

Strikingly  this  principle  has  been  illustrated  even  in  the  most  recent 
history  of  electro-therapeutics,  both  in  Europe  and  America.  A  field 
now  occupied  by  some  of  the  ablest  scientists  of  Oennany,  England,  and 
France,  was  formerly  crowded  with  lawless  intruders. 

When  we  began  to  write  on  this  subject  in  1866,  a  tide  of  ii>> 
quirics  at  once  set  in  upon  us,  from  all  parts  of  the  country.  The 
authors  of  these  letters,  witii  some  few  exceptions,  we  have  never  seen  ; 
but,  judjjing  from  the  style  of  compositioti  and  tlie  character  of  tlie  in< 
quiries,  they  were  as  a  rule  comparatively  ignorant,  and  belonged  to 
the  lower  strata  uf  the  profession.  Letters  that  we  receive  more  re* 
cently  during  the  past  three  years,  evidently  come  from  many  of  the 
best  men  in  tlie  profession.  As  the  science  develops,  brains  and  cul- 
ture are  attracted  to  iL  In  our  large  cities,  those  who  are  studying  this 
subject  are  among  the  most  promising  names  in  science. 

lo  1825,  Sarlandiere  projjosed  the  employment  of  acupuncture 
needles  in  galvanization,  so  that  the  current  could  be  more  exclusively 
and  definitely  localized  on  the  desired  nerve  or  organ.  This  method 
of  treatment  was  called  electro-puncture.*  He  used  for  this  purpose 
frankhnic  electricity.  Subsequently  Magendie  successfully  experimented 
with  galvano'puncture  in  neuralgia,  paralysis,  and  other  nervotia  dis- 
eases. 

The  discovery  of  electro-puncture  was  the  beginning  of  the  science 
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•  M4m.  tur  I'tl^aro-pancture.     Piri*.  1825. 
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of  electro-surgery,  a  department  which  at  that  time  colllman^')cd  Q 
nder  interest  than  the  medical  use  of  electricity,  and  which  has  now  1 
most  iwpuriaiit  position  in  science. 

Gerard  and  Pravax  suggeste<l,  and  P^trcquin  and  ClniscUi  succeeded 
in  curing  aneurism  by  galvano- puncture.  Subsequently  galvano-cauter- 
iiation  has  been  investigated  by  Steinheil,  MiddeldorplT  (1859).  Amus- 
E>a[,  Althaus,  ttynic,  ourselves,  and  many  otliers.  (For  detailed  history 
of  the  surgical  uses  of  electricity,  see  Electro-Surgery,  Chapter  I.) 

In  1826,  naum6  publishcil  in  I^ndon  a  work  on  galvanism,  which 
two  years  later  reappeared  in  a  different  form,  and  was  translated  into 
French  by  i''abre  I'alapral,  who  was  the  first  to  use  the  ga/va/tU  current 
in  clcctrci-puncturc. 

T^f  Era  of  FaratiisaiMH.~-'V\\i  publication  of  the  discovery  of  in- 
ductive electricity  by  Faraday,  in  tSji-s,  changed  the  whole  course  of 
electro- Uierapeutics.  On  the  basis  of  this  discover}*  electric  machines 
were  constructed  that  were  both  more  reliable  and  more  convenient 
than  the  ordinary  voltaic  pile.  The  first  magneto-electric  machine  was 
constructed  by  Pixii  in  1S32,  and  was  first  employed  in  the  treatment 
of  diseases  by  Ncef  of  Frankfort.  Afterwards  elcclro-iiiagnctic  (volta- 
electric)  machines  were  constructed  by  Ncef,  Clarke,  Stulurcr,  and 
otlicrs,  which  from  time  to  time  have  been  variously  modified  by  a 
large  number  of  experimenters  in  different  countries. 

From  this  time  electricity  in  the  form  of  faradi/aiion  began  to  be  ex- 
tensively and  indiscriminately  employed,  both  in  this  country  and  in 
Europe.  It  was  used  by  the  laity  as  well  as  by  the  profession,  though 
at  (irsl  without  any  recognized  method,  and  without  any  very  clear 
ideas  of  the  indications  for  which  electrization  was  adapted.  Since 
that  time  four  distinct  methods  of  medical  electrization  have  been  intro- 
duced, in  which  the  galvanic  as  well  as  the  faradic  current  have  been 
appropriated,  and  under  one  or  the  other  of  which  may  be  classed  all 
the  applications  of  faradic  or  galvanic  electricity  that  have  since  been 
employed.  These  methods  are  loealiitd faraditathH,  hcaliud  galvan- 
ua/iart,  geufral  Jaradizaiion,  and  central  galvanisatian. 

History  of  Localized  faradization. — The  history  of  localized  cleclri- 
lallon  is  identiAed  with  the  name  of  Duchenne,  whose  experiments  and 
discoveries  have  given  such  an  impetus  to  this  important  ami  growing 
deiuirtmenl.  Duclienne  was  not,  however,  the  first  to  employ  localized 
bradization.  Prior  to  hi<i  time,  faradization  had  been  used  by  Mosson 
m  France,  and  Neef  of  Frankfort ;  and  in  this  country  it  has  been  em- 
pliiyed  liy  the  profession  and  by  the  laity  from  llic  period  uf  lite  first 
popularizalion  i^f  machines  of  induction. 
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Even  as  earl/ as  1843  loadizai  /ffradixafipn  was  used  in  thb  country 
side  bv  side  vrttti  general  faradization,  though,  like  the  latter,  it  had  re- 
ceived Di?  distinct  nomenclature,  and  was  indiscriminately  recommended 
and  unscientirically  applied.*  The  two  methods,  localized  and  general, 
were  frequently  confounded,  and  botli  wei^  known  under  llie  vague 
lenn,  "electrifying."  Duchenne's  earliest  attempt  to  call  the  aiteniior» 
of  the  profession  to  this  subject  is  tlius  recorded  in  his  own  word*  : — 

'*  De  r.irt  de  limiter  I'excitation  ^lectriqne  dans  Ics  organes  sans 
piquer  ni  inclser  la  pcau,  nouvcllc  in6ihodc  d* electrisation  appcl^e  i/fc- 
trisatwn  iceaHsee,  ct  dunt  Ics  iirincijjcs,  rfisiim^s  dan&  une  note  adress^e 
en  1847  i  I'Acadtiniie  des  Sciences,  ont  £tl5  d<Svclopp<;s  ct  publics  dans 
les  arckhes  ^atiraies  de  Medicine  en  juillet  et  aoui  1S50,  ct  fevricr  ct 
mars  1851."  In  1855  he  published  his  chief  work,  "  De  ['Electrisation 
Localts^e,  et  de  son  Application  \  la  Physiologic,  k  la  Pathologic,  et  k 
la  Thfrapeiitique." 

This  work  becarue  known  to  the  profession  in  Gcnnany  through  the 
abridged  translation  of  Dr.  Erdnwnn. 

The  leading  idea  of  the  method  of  localized  faradization  of  Du- 
chcnnc  was  that  the  ciurenl  can  be  localized  over  a  fixed  pdnt  under 
tht  skin  if  wcll-moistencd  conductors  arc  strongly  pressed  upon  the  skin. 

He  observed — what  is  jJCifcctly  familiar  to  all  cxpcrrimcnlers  in  elec- 
tro-therapeutics— that  when  dr^'  electrodes  are  applied  to  the  dry-  skin, 
s|>arks  with  a  crackling  sound  are  produced,  but  no  sensation  and  no 
muscular  contraction.  He  observed  that  when  the  electrodes  are  well 
moistened,  contractions  are  excited  in  the  muscles,  with  the  phenomena 
of  sensation. 

He  recommended  three  forms  of  electrodes — solid  metallic  elec- 
trodes, metallic  brushes,  and  the  hand. 

On  ihesc  observalions  and  experlmenls  Duchennc  based  a  system  of 
electro-therapeutics  and  electro-diagnosis  which,  as  since  refined,  de 
velopcd,  and  modified  by  himself  and  by  numerous  other  laborers  ir. 
various  countries,  has  now  grown  into  a  permanent  deiiartmeni  of 
science. 

Localized  faratlization  was  appieciated  by  electro-therapeutists  more 
rapidly  than  some  of  the  other  methods  of  using  electricity,  as  electro- 
ly«ition,  general  faradization,  galvano-ciiitpry,  :ind  central  galvani/a- 
uon,  for  the  reason  that  it  is  the  easiest  learned  of  all  the  methods  and 

*  In  Pike's  Catalo^e  of  Mailiematicnl,  Optic-d,  and  riii)o*ophical  tnstramenls, 
1S4S,  there  is  a  cut  of  th«  foradic  appitntus  [tut  li^d  been  in  u»e  for  6ve  )un  li> 
Iheu  early  exfxrrimenitfr«.  The  tame  work  tUo  conuins  s  cnt  illustrating  ibeb 
■Kthvi  jf  locAliier)  fsrmlLation  of  the  \t^ 
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ftouirtt  only  ihc  simplest  and  cheapest  fonn  of  battery.  To  be  aii 
«p«l  in  it  requires  a  degree  of  skill  and  experience  and  manual  facil- 
'ttj,  u  well  as  familiarity  with  the  diseases  for  which  it  is  indicated,  and 
»onK  knDvrle<Ige  of  electro  physics  and  electro-physiology  are  of  esscn- 
tial  sen-ice ;  but  in  none  of  these  resiwcts  is  this  method  as  exacting 
« iny  one  of  the  others. 

liciicc  it  is,  that  localtzeil  faradization  is  the  method  with  which 
novices  usually  begin  their  exi)crin)cnts  in  this  branch,  and  it  is  the 
"icthod  which  by  the  mass  uf  the  profession  is  now  niore  used  than 
«'iv  other. 

Among  specialists,  however,  of  all  countries,  localized  galvanisation 
'8  more  used  than  localised  faradization,  since  it  meets  on  the  whole, 
*S  experience  shows,  a  larger  range  of  indications. 

J/ijfcfry  ej  LixaHzfti  Galfanixation. — One  of  the  ablest  and  most 
l^rominent  of  those  whom  the  writings  of  Duchenne  inspired  to  enter 
Miion  Ihe  study  of  clcctro-thcrapcuiica  was  Professor  Kemak,  of  Berlin. 
His  first  work,  "  Ueher  Melhodisehe  Hlufrturun^^  Gel^hmter  Muskt/n" 
*'0n  the  Methodical  Klectrization  of  Paralyzed  Muscles,"  was  piib- 
Tished  in  1855,  In  this  work  he  revived  and  recalled  the  attention  of 
Ihe  profession  to  the  ^d/rww/r  rwrrir/f/,  and  lie  funhermore  announccJ 
that  in  or<ler  to  bring  a  nuiscle  lo  complete  contraction  it  is  beltci  to 
excite  its  motor  nerves  th.an  to  allow  the  nirrent  to  operate  on  Ihe 
muscular  substance  iiAclf.  His  second  work,  "  Galvano-Tkerapie  der 
^erven-  und Muskel-Krankheiien"  was  published  in  1858. 

Remak  became  the  founder  of  a  school  of  electro-therapeutists  in 
Germany,  as  Duchenne  had  been  in  France.  Their  systems,  as  has 
been  said,  differed  in  two  important  particulars.  Both  nsed  hcaliuA 
electrization.  Dticlienne  used  (he  farailic  c;!rrenl,  making  Ihe  a]>plicai 
lions  10  the  muscles ;  Rcniak  used  the  galvanic  current,  making  the 
upplications  tu  the  motor  nerves. 
Dnchcnne  declared  that  the  galvanic  current  was  useless  for  Ihe 
toieni  of  ilisease,  while  Remak  contended  ih.n  it  was  the  only  cur- 
tent  Ihai  was  of  any  value.  Duchenne  was  unwilling  to  admit  the 
reality  of  the  discoveries  of  Remak,  and  Rcniak  as  emphatically  re- 
jected llie  conclusions  of  Duchenne.  Both  enforced  ihcir  statements 
by  the  results  of  experiments,  and  boih  appealed  to  experience. 

It  is  now  well  recognized  by  all  electro-tlierajicuiists  that  Uiere  was 
Irath  on  both  sides  of  this  interesting  controversy— that  the  galvanic 
and  faiadic  currents  are  both  of  service  in  the  diagnosis  and  treatment 
of  disease,  and  that  too  in  more  than  one  mode  of  application.  \St 
DOW  see  ihai  if  Duchenne  was  tou  dng-tialK,  Kcniak  was  too  citrava' 
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gant,  but  tlut  brth  of  ihcm,  by  their  experiments  and  labors,  were  tit 
IMisiiive  ser\'ice  to  sdence,  and  made  the  way  easier  and  safer  for  those 
who  have  siace  followed  them  in  the  departmenc  of  localized  clectrizi 
tion. 

Keinak,  shortly  before  his  death,  published  a  work  entitled  "  Apftl 
cation  du  Courant  constant  au  Traitement  ties  Nh^roscs,"  Paris,  i86^, 
which  coi-tainal  the  teaihngidi^s  of  his  system,  and  lias  been  the  meaiu 
uf  siiimdating  many  other  experimenters  in  this  difficult  depannient 

Remnk  did  more  iJian  merely  inlroditce  the  yalvantc  current  to  th( 
profession — he  discovered  and  recommended  special  applications  nf 
the  cnrreiit,  and  siiggi'strd  the  theory  of  its  catalytic  action.  He  was 
ibe  tirit  to  scientifically  Investigate  localized  galvanization  of  the  cer- 
vical sytnpaihciic,  of  the  brain  and  spinal  cord,  and  thereby  greatly 
widened  the  sphere  of  clcclro-therai>eiilics.  Although  at  first  bis 
theurics  were  scouted,  and  his  5t;itenienls  discmlilcd.  yet  since  his 
death  ihcy  have,  in  the  main,  been  strikingly  confirmed,  and  are  now 
regarded  as  accepted  facts  in  science. 

Even  during  this  last  era,  franklinic  electricity  has  been  by  tk> 
means  laid  aside.  In  1847,  Dr.  Gokling  Bird  published  very 
remarkable  results  obtained  in  the  treatment  of  amenorrhoia  by 
static  electricity,  in  Guy's  Hospilal.  He  made  use  of  a  Leyden 
|ar.  Franklinic  electricity  has  been  successfully  used  by  Drs.  Gull 
and  Clement.  It  has,  for  a  number  of  years,  been  successfully 
Mnployed  by  Dr.  Radcliffe  and  others,  in  the  lx>ndon  Hospital  for  the 
Paralyzed  and  Kpileptic.  Quite  recendy  Prof.  Schwanda,  of  Vienna, 
has  rqwricd  suggestive  results  from  franklinic  electricity  generated  by 
Holtje's  electrophonis  machine.  Dr.  Arthius,  of  Paris,  has  recently  pub- 
lislied  a  work  on  the  subject ;  this  has  been  translated  by  !>.  Ix^veridge, 
of  Chicago. 

Within  the  past  fifteen  years  localized  far.id!zation  and  galvanisation 
has  been  rlevclopc<l  and  intprovcd  in  France,  in  (Jcnnany,  in  England 
anil  AiiK-rica,  by  a  number  of  able  and  laborious  men  of  science 
Among  the  voluminous  .intliars  in  this  dc]>armicnt  may  be  mentioned 
the  names  of  .Meyer,*  ]lecquerel,t  Baieilacher.J   .MihauSig  'i'ripler.| 

*  Die  Elcclriritiil  in  ihrer  Anwcnilung  auf  praklische  Mcdicio.     ttctlm,  1854  and 
ifttyt.     TraiKlatcJ  l>v  Dr.  tlammond. 

\  Treiti  lit*  np]  linUiun*  He  I'electncit^  &  la  TIi^apeu:i<iue.     Paris,  1S57. 

X  Die  Inilu«iutii.Electr[cit!it  In  pttydolc^iKh-lherapeotbcher  Dexlehung.     KUnk! 
W:rg,  1857. 

gTreniiv  on  Me.ltca!  E)cclricUy.     London,  1859.     Ln«  tdilioo,  1S73.     Gal 
rynikfn  in  Paraljw,   Neural;;!^,  etc.,  1S66. 

I  M.uiiicl  ')'["lf«iriJlWr.i]'ic.      I'.uis  1S61. 
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Rowuthal,*  FrommhoId,|  Zicmssen.J  Garratt,g  Benedikt.]  Br-inner,!" 
Cyon.»* 

Hist0'-y  0/ General  Faradization. — In  general  faradtzaticn  the  aim 
tt  to  bri:ig  the  whole  body  under  the  inSuence  of  the  faradic  current,  so 
far  as  is  possible,  by  external  application. 

The  origin  of  general  faradization,  like  thai  of  localized,  is  .tomewhat 
uncertain,  since  it  is  difficult  to  detcrniine  how  long  it  w-as  used  by  the 
laiiy  before  wc  fortnolly  introduced  it  to  the  profession.  It  is  certain 
ihai  botii  nielhods  have  been  in  popular,  and,  to  a  certain  evtent.  in 
|irofeuional  nsc  in  America,  from  a  period  not  long  subsequent  to  the 
{oputarization  of  the  discovery  of  induction,  certainly  a  long  lime  be- 
fore ihry  were  introduced  to  the  profession.  One  of  the  first — and 
iwobably  the  very  first— to  employ  a  form  of  general  faradization  ivas 
William  Miller,  of  New  York,  who  began  the  empirical  use  of  this  sys- 
lem  of  treatment  in  1S43.  Since  that  time  some  form  of  general  far- 
ulizalion  has  been  employed  by  Sherwood,  of  Xew  York  ;  Dr.  W.  Deni. 
nringi  of  Portland  ;  Drs.  Garratt,  Cross,  and  Guthrie,  of  Boston  ;  Dr. 
H^cUs,  of  Rochester,  N.  Y.  ;  Drs.  Page  and  Channing,  and  by  a  very 
Ui^  number,  both  in  the  profession  and  out  of  it,  of  whose  names  and 
ipecial  nielhodi  but  little  is  known,  since  they  have  taken  but  little  pains 
to  establish  the  treauiient  on  a  scientific  basis,  or  to  introdtice  it  lo  the 
Rtteniion  of  the  profession.  Many  of  these  practilloncrs  combined 
localized  v\\\\  general  faradization,  and  some,  perhaps  the  majority,  em 
I^oyed  the  latter  exclusively,  though  with  little  definiteness  or  precision. 
Althongh,  as  has  been  said,  some  of  tliuse  early  ex  peri  in  enters  werr 
etlucatcd  physicians,  the  majority  were  ignorant  not  only  of  medicine, 
luit  of  every  other  departineni,  and  not  a  few,  unfortunately,  were  as 
tinprincii)Ied  as  they  were  ignorant. 

Although  many  of  these  experimenters  were  laymen,  although  they 
had  no  part  nor  lot  in  the  realm  of  science,  and  although  many  of  then> 
were  as  devoid  of  conscience  as  of  inicllect,  yet  wc  should  none  the 
less  eagerly  seek  for  and  accept  whatever  of  milh  they  may  have  stum 

*  Die  Klectrotberapie.  ibre  BfrgrlintlaitB  and  Anwcnduns  in  der  Mcduln.  W'kn, 
1S65.     LafeU  olilion,  1873. 

f  El«c(t»thera|>ie  tnilbCKtiiilerer  Rucksicht  auf  Nerven-Krankheitcn  I  rom  pralc- 
tltchcn  SiamlpunlcEc  skiiiirt.     Pc^th,  156$. 

{  Die  Klcctiictial  in  tier  ^foULiii.     Ilcrlin,  tSfiC.     Latest  etiitinn,  1S72. 

%  Medical  EJcctricity.     Philadclpliin,  iS66. 

I  ElcctrutUi-npte.     Wien,  i368.     SccunO  eililion,  1874. 

^  Un(cr«Dchun^<;n  und  Iteobachltingcn  auf  dcm  Cjcl>i<te  der  EIcktiotHcrapic 
Itifui^  tS63  itnd  1869. 

••  rrinclpei  d'F.I«troth^n>pie.     Pa/ii,  1S7J, 
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Wed  ir]»on  or  discovered.  In  the  history  of  therapeutics  it  has  oft< 
been  ihe  fortune  of  the  .'gnorant  and  titc  lonly  to  hit  (ty  cli:tncc  m 
some  gr(.-at  fact  for  which  the  wisdom  of  the  ages  has  sought  in  vaii 
Says  Dr.  Snile,  '*  Nearly  every  medicine  has  become  a  i^oiwliu-  remedy^ 
before  being  adopted  or  even  tried  by  |)hysicians  ;  "•  and  according  to 
I'ercira,  nux  vomica  is  one  of  the  few  remedies  the  discovery  of  which 
is  not  the  effect  of  mere  chance.f 

Impartial  hi&tor>-  must,  vre  think,  record  that,  before  Diichenne  snd 
Rcinak  were  known  on  eilhcT  side  of  tlie  Atlantic,  before  onr  more 
recent  electro  therapeutists  had  commenced  their  profesfional  labors  ot 
studies,  there  were  in  this  liuid  not  a.  few  empirics  who,  by  some  form 
of  general  or  InrjU^cd  faradization,  or  both  combined,  or  by  methods 
various  and  .nconwslent,  and  in  spite  of  their  own  ignorance  or  vice, 
were  achieving  successes  in  the  treatment  of  disease  which,  in  certaiflfl 
features,  even  the  most  advanced  physicians  of  onr  day  have  not  ye^^ 
surpassed.  If  they  did  not  belong  to  the  chosen  ranks  of  the  profes* 
sion,  it  i»  none  tlic  less  true  that  the  results  which  they  scnirctl  were 
oftentimes  such  as  the  ablest  leaders  in  science  might  well  have  cnvned. 
If  Ihcir  methods  were  einpiitcal,  their  empiricism  was  often  jnslified  by 
its  success.  If  their  nomenclature  was  imperfect  and  confused,  and 
tlieir  diagnosis  erroneous,  yet  their  confusion  and  errors  were  not  a  Ut- 
ile redeen»ed  by  the  skill  with  which  they  met  emergencies  when  the 
therapeutist  was  far  more  needed  than  ihe  pathologist  or  the  diagnosti- 
cian. T^e  grrai  defttit  tif  these  empiria  iras  net  in  their  results,  which 
o/ttNtimes  were  truly  rtmarkable,  but  in  thr  f,iH  that  their  general 
igtioratiee^  anti  especially  their  igtutrance  of  medicine,  rendered  it  impos- 
sible for  them  to  discriminate  in  their  cases  c/-  their  methods,  er  ta  intel- 
ligently communicate  their  experience  to  others,  or  in  any  way  i&  make  it 
of  permanent  value  to  science.  They  treated  all  cases  about  alike, 
without  reference  to  the  pathological  condition,  and  in  spite  of  all  Ihcii 
successes  frequently  failed  where,  with  better  knowledge,  they  might 
have  succeeded. 

In  Europe,  so  far  as  we  can  ascertain  from  the  published  writings  on 
the  suhject.  or  from  our  own  personal  obser\*ation,  the  method  of  genet ai 
faradizatitm.  as  dcscrihud  in  this  work,  has  rot  been  used  or  recom- 
mended,  at  least    by   men    of  science.      In    1853,    Bcdcensteinerl 

•  Tlierajwutict,    vol.    ».,    p.    31,     The   same   nuthor   slates   ihat    "by  fw  llx 
greater  numlier    [of  nteilknncs]    were  5rU  erojiloyed  In  countries  whicb  were  uul     . 
m  now  In  a  Male  of  K-ifnttfic  ietiomiiee."  H 

t  M:itciia  Mnlica.  vol.  U.,  \i.  336.  Ilyirate  of  Chloral  may  now  1«  BildHl  to 
JlU  liat.  X  Erudn  kui  l'r.lcclricil&      I'vu,  1S59. 
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fnggested  the  idea  of  *•  animaliring "  statical  clcctricUy  by  passing  ii 
(Itroiigli  the  body  of  the  o[>erator,  and  making  passes  Over  or  near  the 
l>aiicnt. 

In  1857,  M.  DroiMv*  de  C^aco^r  published  a  new  method  of 
farad izaiion,  the  mfftiui  operandi  of  wliicli  consisted  in  connecting  an 
elecirixlc  by  two  brarKihrs  on  the  top  of  the  head  and  the  epigastriam, 
ofhilc  the  other  eltfctrode  was  connected  by  four  branches  with  the 
hands  and  feet.  At  each  sitting  the  poles  were  reversed.  In  1S58, 
Scjlcrf  ])ro)K}:»ed  to  cure  ccinsuiiiption  and  niany  other  obstinate  and 
incurable  diseases  by  )>assing  a  faradic  current  through  two  electrodes 
near  to  but  not  over  the  body  of  the  patient. 

In  1863,  GuWcrJ  suggested  the  treatment  of  conditions  of  debility 
by  placing  both  hands  and  feet  in  separate  basins  containing  salt 
water,  and  passing  a  faradic  current  through  the  body. 

Our  own  alttrntiun  was  called  to  the  siiltject  of  general  faradization 
in  1866,  anil  in  that  and  the  following  year  we  introduce<l  it  to  the 
profession,  describing  in  a  general  way  its  powerful  Ionic  effects  and 
m«dxis  cperamii. 

{The  Afe dual  Use  0f  Electricity,  icith  special  reference  h  /•eiieral 
eltetrisatian  as  a  tonie,  &'e.     Beard  and  Reckwell^  New  Vark,  1867.) 

'lite  name  general  electrixatton,  as  descriptive  of  this  nicihotl  of 
treatment,  was  first  employed  by  us  and  in  the  writings  Co  wliich  we 
have  referred.  In  the  present  edition  of  ibis  Ircaiise  we  restrict  the 
tenns  to  general  faraditation^  for  the  reason  tliat  our  method  of 
tentral  galvanitaiion,  to  be  hereafter  described,  has  to  a  considerable 
alent  t.Jtcn  the  place  of  ^M/ra/ galvanization. 

Our  own  claims  in  regard  to  general  faradization  are  : 

i&t  To  have  studied  the  method  as  practised  by  the  laity,  and  to 
have  improved  it,  reduced  it  to  a  system,  and  given  il  a  scientific 
basis,  and  to  have  shown  its  relations  to  other  mcthcKls  of  using 
electricity — in  short,  to  have  done  for  this  method  what  Uuchcnnc  did 
f(T  localized  faradization. 

2d.  To  have  interpreted  its  s|>cc{al  and  general  eflccts,  giving  it  a 
name,  iwinting  out  the  tmc  rationale  of  the  tncthod,  and  the  iii' 
dications  for  its  use. 

3d.  'I'o  have  first  called  the  attention  of  the  profession  to  this 
tiethod,  enforcing  our  views  by  the  results  of  personal  experiments. 

*  EtectrothiSrApM  en  tppljcation   m&licals  pratique  ilc  rtileclricitfc  tuji  sur  df 
flxnvcaax  i>fo«!dc4,      P.irb,  1857.  in  Svo. 
f  (dlvmnlsaticm  pai  Induence^     Paris,  1858. 
{  lie  I'Klectriation  k4>0<  \le.     Bulletin  Jc  ThifrajKUt^ne,  D«c.,  [S6^ 
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4th.  To  liave  diKU>vere(l  in  our  expert inents  with  this  tiMlhod.  that 
electrization  was  a  tonic  of  grc.it  and  varicj  efficacy,  and  ihcrerorc 
indicated  in  a  large  range  of  conditions  of  debility,  and  to  have  forced 
this  fact  on  the  professional  mind  until  it  has  become  widely  accepted, 
and  has  beconii:  the  bo&is  for  the  use  of  electricity  in  the  Ueaiuient 
of  medical  di»ca^». 

'Hie  length  of  time  required  to  make  a  thorough  application  of  general 
famd)/.:itioii,  and  the  amount  of  ptacrice  ncce&sary  lu  actpiirc  skill  and 
facility  in  its  cmploymcut,  luve  Interfered  somewhat  with  its  iwpularua- 
tion  among  specialists  In  electrutheiapeutics ;  but  in  spile  of  these 
difficulties  the  method  is  now  used  with  Uic  highest  success  by  hundreds 
of  p^  ysicians,  specialists  and  general  practitioneis,  Sic,  and  Its  po)>uIjr- 
ity  '.i  very  rapidly  increasing. 

In  Ccrmany  tlie  method  has  been  from  the  first  received,  in  pari] 
through  the  careful  r£sum£  of  Prof.  Krb,  of  Heidelberg,  with  greater] 
interest  and  appreciation  and  with  more  favorable  consideration  than 
in  any  other  comitry,  excepting  perhaps  ihc  United  States.  Dr.  K. 
Vater,  of  the  University  of  Prague,  in  his  preface  to  the  German 
translation  of  the  6rst  edition  of  this  work,  has  warmly  recommended 
the  method,  basing  hia  recommendation  on  his  own  perhonal  ex|K:riencc ; 
and  more  recently,  Benedict  of  Vienna,  in  the  latest  edition  of  his  work, 
has  given  the  method  intelligeiu  and  appreciative  consideration.  h 

J/is/orjf  of  CtHtral  CalvamziUwn. —  The  mctliud  of  central  galvan-^| 
ization.  as  has  been  described  in  our  published  papers  (Electricity  and 
Ihc  Siihygmo^raph,   X.  Y.  Afftika/  Hfc&rii,   December  15,  1871  ;  alsa  ^ 
Recent  Keseaiches  in    Electro-'rherapeutlcs,  October,  1872,  by  Dr.  H 
Heard;    Ccntml  Galvanisation,    N.  Y.    Afeii.  Journal,    May,    1 8 72,  by 
r>r.  Rockwell),  consisted  in  phditg  the  negative  pole  at  the  epigast- 
rium,  jtfAiJe  ike  positive  wat  applied  ot-er  (criain  pcrtians  of  the  head^ 
wer  the  sympathetic  mui  piieumo'iastrte  in  the  neck,  and  dawn   the 
whole  length  of  the  spine  from  the  first  to  the  last  vertebra.     At  that 
lime  we  had  used  the  method  with  the  highest  success,  in  hysteria,  in- 
lanity,  neurasthenia,  gastrali^ia,  dy5i>epsia,  and  certain  diseases  of  llie 
ftlcin,  and  since  that  time   this  method   has  been  extended  to  a  wide 
variety  of  affections.  In  some  diseases  it  has  supplemented,  in  others  iifl 
has  supiilanted,  geaeroj  faradization   and  galvanization  of  llie  cervical  ^ 
syni  pathetic 

The  full  method  of  central  galvanizatior,  as  it  will  be  described  m. 
this  edition  of  the  present  treatise,  was  not  slu:nbled  upon  by  accident, 
but  15:  the  result  of  a  long  period  of  experimentinf,.     When  we  began  to , 
use  the  galvanic  current,  we  sometimes  treated  gastralgia  and  dj-spep* ' 
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GB  bf  placing  one  pole,  usually  the  negative,  in  the  epigastric  region, 
tud  thr  positive  on  the  nape  of  ihe  neck  at  about  the  sixth  ceivical  ver 
Mn.  Gradually  vfc  extended  ilio  domain  of  the  application  so  as  to 
include  the  mastoid  fo&sa  and  the  anterior  border  of  tlic  sterno-cleido- 
Busioid  muscle,  down  to  the  sternum  on  both  sides.  Afienvards  we 
"nolved  to  apply  the  positive  electrode  to  the  forehead,  still  keeping 
(be  negative  on  the  epigastrium, 

Jnllueuced  by  the  fact  of  observation,  that  the   top  of  the  head  bc< 

'•ten  tlie  ears  was  frcqitcnlly  tender  and  painful  in  hysteria  and  neur- 

^tbcnia,  in  both  sexes,  it  occurred  to  us  that  this  might  be  a.  good 

P^^w  to  plant  the  electrode  so  a*  to  affect  the  brain.     Another  consid- 

**^!ion  of  practical  moment  was,  that  this  place  in  both  sexes  is  quite 

*^«cssible,  even  with  the  present  methods  of  arranging  [he  hair.     J,ook- 


'fi  at  the  subject  from  the  standpoint  of  anatomy,  ]ih)-3iology.  and 


**^thoIogy,  also,  it  was  sufficiently  clear  tlut  in  galvanizing  tlie  brain, 

r*^e  object  should  be,  not  so  much  to  alTcct  the  anterior  lobes  as  (he 

*^5Ue  and  jjo&terior  portion,  where  originates  the  great  cranial  nerves. 

'^e  soon  found  by  clinical  obsen-ation,  that  little  di/ziness  was  caused 

^rhen  tlie  electrode  was  placed  in  this  i>ositian,  and  that  a  stable  current 

^if  a  number  of  cells  could  be  boruL-  without  impleasantness,  and  thai 

viiftcDtimcs  a  peculiar  sensation  was  cxjxrricnced,  very  ditTcrL-nt  froui  the 

ringing  and  in'ickmg  sensations  that  are  felt  when  the  electrode  is 

Vlaced  on  the  forehead.     Last  of  all  we  extended  the  application,  so  as 

to  include  the  whole  length  of  the  spinal  column,  passing  the  electrode 

beneath  the  clothes  of  the  patient,  loosened  and  pulled  up  for  that  pur- 

■"         \to%e.     Since  the  first  publication  of  this  method  of  central  galvaniza^ 
tion,  we  have  modilie<I  it  by  changing  the  poniliun  of  the  negative  pule, 
up  and  doM'H  the  breast  and  abdomen,  so  as  to  avoid  over-irritating  the 
stomach. 
H       Some  of  the  processes  of  central  galvanisation  had  been  used  by 
^B     other  ph.V'sicians,  long  before  we  worked  up  the  comjilcte  method  as  he 
^^    described.     Dr.  Atthaus  writes  us,  that  several  years  since  he  had  env 
^M     ployed  the  first   step  in  the  process — one   pole  at  the  epigastrium  and 
^^    the  other  at  the  back  of  the  neck,  but  becoming  alarmed  by  unpleasant 
■ymptoms,  had  abandoned  it  ;  and   f^r.  Meredith  Clynier,  of  this  city, 
informs  us  that  during  the  past  three  or  four  years  he  has  indei>enJcnt!y 
Bsed  the  processes  of  central  galvanization  wilh  tonic  results  that  have 
been  most  pleasing. 

The  ill-fortune  of  Dr.  Altluus  was  due,  we  suspect,  to  the  fact  thai 
hr  used  powerful  or  interrupted  currents — a  mistake  that  wc  repeatrdly 
made  during  our  earlier  experiments,  a  mistake  that  is  frequently  made 
by  ihost*  lirginning  any  m-w  method  of  i-lt.-ctrl/.ati4m. 
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GBNERAJ.  THERAPEUTICAL   ACTION  OF   ELECT  RiaTV. 


Eieciriciiy  in  Us  Medtcai  Relations  is  a  Siimula/ing  Setlative  Tettit.-^ 
The  cause  of  medical  clcctncity  has  bten,  and  stiU  is,  greatly  re- 
Uuded  by  vague  and  incorrect  notions  of  the  position  of  electricity  in 
the  materia  medica.  It  has  been  classed  as  a  stimulant,  and  tip  to  the 
time  when  we  began  to  write  on  the  subject,  in  iS66,  nearly  all  the 
writers  on  Uie  subject  had  assuintrd  withuiil  question  or  dincusMOn  thai 
the  stimulating  action  was  the  main  if  not  the  only  action  of  electricity 
The  idea  cliat  it  w»s  aUo  a  tonic  was  not  even  discussed.  The  first 
fonual  prcscntaiion  of  the  use  of  electricity  by  the  method  of  general 
fandixatton  appeared  in  a  paper  by  Dr.  Rockwell,  based  on  consid* 
crable  ex|>erience  and  many  experiments,  and  entiilcd  "  Electricity  in 
the  Treatment  of  Rheum.itic  Affections,"  and  published  in  tlie  Sftdieai 
Ji<C0rd  in  iS66.  In  this  ami  subsequent  papers  by  boih  the  authors 
of  this  treatise,  the  tonic  effects  of  electricity  were  fully  demonstrated. 
Those  few  in  the  profession  who  used  electricity  at  all  had  Ronc  no 
further  than  Duchcnne.  and  supposed  that  when  they  had  used  this 
agent  to  kick  up  |taUiecl  muscles,  they  had  exliausletl  its  therapeutic 
indications.  In  ot»edience  to  the  same  narrow  and  exclusive  dogma, 
eleciririiy  was  supposed  to  be  exclusively  con  train  dicated  in  febrile  and 
inHammatory  affections,  and  was  supposed  to  bt:  of  value  only  in  a 
very  limited  range  of  subacute  and  chronic  diseases.  The  acceptance 
of  the  view  that  eltrctiicity  is  a  tonic  has  wrought  a  revolution  in 
electrotherapeutics.  An  agent  which  was  formerly  used  mainly  if 
not  exclusively  in  paralysis  and  rticumatism,  is  notv  used,  and  with  fai 
more  brilliant  success,  in  hysteria  and  affections  allied  to  it,  in  insanity, 
anemia,  neurasthenia,  in  nervous  dyspepsia,  neuralgia,  chorea,  in  the 
convalescence  from  feveni,  and  all  forms  of  pain  and  debility  whatso- 
ever. 

It  is  necessary  to  stale,  at  the  outset,  that  in  classing  electricity  as  a 
ftimuhting  stdative  tonic,  we  use  the  words  in  the  sense  in  which  they 
are  ordinarily  understond  and  employed  when  applied  to  other  reme- 
dies and  systciis  of  treatment,  and  without  any  reference  to  the  roeie 
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verbal  disli fictions  tliat  may  be  (»*  have  been  made  in  the  class  6caUo& 
of  materia  medica. 

Stimulants  are  usually  uiulerslootl  to  be  those  agents  wliidi  ijuUkly 
txcite  ilie  system,  and  Ump^rariiy  arouse  its  activity.  "I'licy  arc  like 
the  goad,  which  forces  the  exhausted  beast  to  draw  tlie  burden,  but 
docs  nolliing  lo  increase  bis  strength  ;  or  like  the  blast  of  the  fur-  h 
nacc,  which  increases  die  combustion,  but  adds  no  fucL  We  do  nut  f 
accent  this  delinititm,  but  would  prefer  to  regard  stimulants  as  those 
agents  that  correct,  intensify  or  economise  the  forces  of  the  system. 

Sedatives  may  be  severally  defined  as  those  agents  lliat  allay  irrita- 
bility and  pain  and  induce  natural  repose. 

Tonics  are  ordinarily  understood  to  be  those  agents  which  gradually 
mprcv(  nutrition,  restore  enfeebled  functions,  invigorate  the  system, 
and  permanently  increase  its  capacity  for  labor. 

It  is  because  electrization  is  capable  of  producing  at  once  tlic  effects 
whidi  are  ascribed  to  all  these  classes  of  agents,  that  we  have  defined 
it  a  stimtilaiing  sedative  tonic.  ■ 

These  various  ejects  are  not  always  inatheniaticat.y  distinct^  but  run  f 
into  each  other.     The  stimulant  cfi'ecl  may  at  once   lead  to  sedation, 
and  the  permanent  improvement  to  nutrition  follows  after  a  long  lime, 
and  is  in  part  a  result  of  both  stimulation  and  sedation. 

Of  these  three  orders  of  effects,  stimulation,  sfdaimt  and  improft' 
ment  in  nutrition^  stimulation  is  the  one  that  is  of  the  least  im|)ortance, 
and  yet  it  is  the  one  that  tint  strikes  the  observation,  and  the  one  which 
until  very  recently  has  been  regarded  as  tlie  exclusive  test  for  die  use 
of  electricity  in  medicine.  If  electricity  were  merely  a  stimulant  it 
would  scarcely  pay  to  use  it  in  the  treatment  of  disease,  for  its  range 
would  be  so  narrow,  and  the  result  of  its  use  even  in  that  narrow  range 
to  temporary-  and  unsatisfactory,  that  phj-sicJans  would  not  hud  it  to 
their  advantage  lo  si>end  time  and  labor  in  making  the  applications. 

The  ill  success  of  all  previous  attempts'  to  popularize  electro-ther*- 
peutics  is  lo  be  explained  in  port  by  the  fact  that  those  who  experimented 
with  it  Looked  upon  it  as  a  simple  sliuinlant  and  nothing  more,  and 
recommended  it  accordingly.  If  it  depended  on  its  stimulating  action 
only,  the  cause  of  electro-therapeutics  would  have  little  viulity.  The 
reason  why  electricity  is  now  growing  in  popularity  in  the  profession  is 
because  it  is  found  to  relieve  all  forms  of  pain,  and  to  add  tone  to  the 
system  and  improve  nutrition  after  ordinary  sedatives  or  tonics  have 
failed. 

Tonic  Effects  cf  Electricity  best  eliciteil  by  Generai  Faradiiatien  and 
Central  CahaHitation. — Reasoning  from  analog)-,  as  well  as  from  expcri- 
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CDce,  it  would  seem  ihai  the  fuU  effects  of  electricity  on  the  bunian  body 

could  only  be  obtained  by  makia^  the  aiipMcAliom  a  J/  over  /Ae  per stm  a  ttd 
M  /Af  central  tun  out  system  in  such  a  way  as  to  affect  the  whole  system* 
The  inlltience  of  any  drug  or  remedial  ngctit  on  the  coniililulion  can 
only  be  asccnaincd  by  bringing  the  whole  system  under  that  intloence 
A  mail  who  habitually  wa&Iies  one  of  his  Angers  in  cold  water  ap 
predates  die  tonic  effects  uf  tlie  cold  only  in   tlial  finger  ;    but  a  mat 
who  habitually  takes  a  shower-bath,   or  plunges  into  a  tub  of  cold 
■water,  rcali.tes  [lowerful  tonic  effects  on  his  entire  system.     If  a.  man 
daily  exposei  one  arm  to  the  sunlight,  while  the  rest  of  the  body  ti 
enclosed  in  a  dark  cell,  he  receivers  direct   Ionic  effects  only  in  tile 
exposed  member;  but  he  who  walks  forth  and  exposes  his  whole  per- 
son to  the  solar  rays  will  in  time  experience  the  full  tonic  effect  of  suA- 
light  on  his  system.     If  one  hand  or  one  foot  is  vigorously  and  regu- 
larly  exercised,  the  muscles  of  that  limb  exhibit  die  tonic  effects  of  the 
exercise,  and  increase  in  hanhiess  and  perhaps  in  size  ;  but  if  all  the 
portions  of  the  body  arc  vigorously  and  regularly  exercised,  all  the 
principal  muscles  will  increase  in   tirninei>5  and  perhaps  in  si^e,  and 
tooic  effects  will  be  appreciated  by  the  entire  system. 

Just  so  with  all  other  Ionic  remedies  and  intluenccs.  If  quinine, 
slrycJminc,  iron,  arsenic,  oil,  etc.,  could  be  localized  in  a  single  Unib, 
only  that  limb  would  be  directly  influenced  by  thcui.  Their  tonic 
effect  is  only  obtained  by  administering  them  lu  such  a  way  that  they 
will  penetrate  every  portion  of  the  body.  • 

Klcctricit)'  is  no  exception  to  lliis  law.  In  order  tu  ascertain  its  full 
effects  on  the  system  at  large,  and  to  dclennine  its  position  among 
remedies,  the  applications  must  be  made  in  such  a  way  that  the  whole 
system  shall,  so  far  as  possible,  be  directly  or  indirectly  brought  under 
its  inKuence.  This  is  best  accomplished  by  the  methods  of  genercu 
faraiUtaticn  and  central  galvaaizatioa  that  arc  hereafter  to  be  ex- 
plained  in  detail 

In  making  a  detailed  comparison,  therefore,  between  the  effects  of 
electrization  and  the  effects  of  recognized  tonics — quinine,  iron,  strych- 
nine, physical  exercise,  sunlight,  cold  bathing,  etc. — it  is  logically  ncccs- 
ury  that  the  applications  should  be  so  given  that  the  whole  body 
should  be  brought  under  the  direct  intUience  of  the  current,  just  as  it  11 
brought  under  tiie  intluence  uf  other  recugni/.ed  tonics  as  ordinarily  aiU 
tuinistercd. 

The  immediate  effects  of  an  application  of  general  faradization  and 
central  galvanisation  arc  often  a  feeling  of  enlivenmcnt  and  cxhilaratioii, 
diuwsincss,  temporary  rrjlief  of  )iain,  and  increased  vramilli  of  the  bud/. 
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Tlie  siame  ciTccis  are  notably  observed  after  the  showerballi,  a  tumble 
in  the  sitif,  a  brisk  walk  in  the  open  air,  or  from  the  adniinisl  ration  of 
alcuhul. 

rike  other  sltinulating  tonics,  general  fanulization  and  central  gal- 
ifinization,  when  given  in  an  overdose,  or  in  too  great  strength  for  the 
constitution  of  the  patient  or  the  condicioa  of  tlie  system  at  the  time, 
may  be  followed  by  secondary  or  reactive  effects  that  are  both  dis- 
agreeable and  iKwitively  alarming.  The  second  or  third  day  after  an 
injudicious  application,  the  |>aticnt,  especially  at  the  outset  of  treat- 
menL  may  exi>enence  sorene&s  in  the  muscles,  an  indefinable  feeling  of 
nervous  cxlmtisliun,  irregularity  uf  puUc,  and  sometimes  exacerbation 
of  special  symptoms.  It  is  well  known  that  severe  physical  cxcrase 
will  produce  all  these  unpleasant  secondary  effects,  espectalty  in  pa- 
tients who  arc  feeble  and  unaccustomed  to  muscular  exertion.  A  cold 
bath,  either  in  the  surf  or  at  home,  that  is  too  prolonged  may  give  rise 
to  all  these  symptoms  the  night  or  day  follonring.  Unpleasant  effects 
may  secondarily  foUotv  an  overdose  of  our  ordinary  stimulants,  as 
alcohol,  or  from  ititenial  tonics,  as  iron,  quinine,  suychnine. 

The  permanent  effects  of  general  faradization  and  central  galvaniza- 
tion are  as  closely  analogous  to  those  which  come  from  other  tonic 
remedies  and  systems  of  treatment  as  arc  the  immediate  and  fiecond- 
ary  effects. 

TKc  very  marked  permanent  effect  of  general  faradisation  and  central 
galvanizatioti  is  in)pr6vement  in  the  sleep.  Ptiysical  exercise — walk- 
ing, boating,  gymnastics,  bowling— cold  bathing,  and  the  ordinary 
internal  tonics  do  the  same,  though  nut  so  tnatkedly  and  with  far  less 
tmiformity. 

G:;iieral  faradization  and  central  galvanization  aiio  fwrmanenlly  im- 
prove the  a]>petilc  and  digestive  capacity,  and  regulate  the  bowels. 
Improvement  in  the  various  operations  of  digestion  is  one  of  the  most 
unifofm  effects  of  our  ordinary  tonics,  and  it  is  for  that  purpose,  inort 
perha|>s  than  for  any  ether,  that  they  are  employed. 

Like  other  tonics,  general  faradization  and  central  galvani/atioc 
equalize  the  circulation.  This  efTect,  when  it  immediattly  follows  an 
Application,  is  nearly  the  temporary  excitement,  similar  to  what  follows 
a  rapid  walk,  or  gj'mnastics,  or  alcoholic  stimulants,  and  soon  passes 
tway.  But  when  it  becomes  a  permanent  condition — ^when  the  patient 
feeU  less  annoyance  from  chilliness  and  cold  extremities — it  is  a  result- 
ant of  the  injjroremcntin  nutrition. 

Like  other  tonic  n'eisures — gymnastics,  active  games  and  outdoor 
a;:nisement3,  etc,  etc.  -general  faradization  and  central  galvanization 
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caiwc  ihe  nniscles  to  ucvelop  in  ,i/e  and  hardness,  and  somcliraea, 
tfioiiyh  by  no  means  uniformly,  produce  important  and  rapid  increase  in 
the  weight  of  the  botly,  the  n.*sult  of  the  improvement  in  nutrition.  In- 
crease in  weight  is  fainiliarly  observed  after  a  trip  of  pleaiiire,  a  vaca- 
tion in  the  country,  a  voyage  by  sea,  aild  very  freiiucntly  indeed  from 
the  lue  of  cod-liver  oil  and  stryclinine.  General  faradisation  some- 
times causes  the  patient  to  increase  in  weight  from  the  very  oul&et  of 
lltc  treatment,  and  to  an  cTlent  that  is  most  suqjrising. 

lake  other  tonics,  general  electrization,  faradization  and  central 
galvatiixation,  in  Iheir  ultimate  effects,  increase  the  disposition  and  the 
capacity  for  labor  of  the  brain  or  of  the  muscles.  This  is  indeed  the 
chief  end  to  whirh  all  tonic  treatment  is  directed,  inasmuch  as  dimin- 
ished capacity  for  labor  is  perhaps  the  condition  for  which  tonics  are 
most  frequently  advised,  and  It  does  not  usually  increase  the  caiKicity 
[or  toil  until  it  has  fir&i  im[)roved  the  sleep,  the  appetite,  the  digestion. 
pThe  same  is  true  of  many  other,  if  not  ad,  tonic  remedies. 

Exix'rience  shows  that  general  faradization  and  central  galvanization 
ire  usually  contraindicated  in  those  diseases  and  for  those  temperaments 
that  will  not  bear  any  of  the  internal  tonics.  \Vc  lind  almost  invariably 
that  they  must  be  used  most  cautiously,  and  meet  with  their  worst  failurei 
in  cases  where  quinine,  strychnine,  iron  and  stimulants  have  proved  to 
be  injurious. 

Whatever  difference  of  opinion  there  nuy  be  concerning  the  ration- 
ale of  c!ec  I  nidation,  or  whatever  dispnle  tlicrc  may  be  concerning  the 
lue  and  the  meaning  of  the  words  stimulant,  sedative,  and  tonic^  the 
majority  of  advanced  practical  electro-therapeutists  must  substantially 
endorse  the  emphatic  words  of  Prof.  Niemeyer  :  "/n  the  comtant  cur' 
rrnt  we  hare  a  means  more  powerfui  ikan  any  other  of  modifying  t/u 
nutritive  conditions  of  parts  that  are  deeply  situated."  • 

Rationale  of  Electrtuttien. — ^The  stimulating,  the  sedative,  and  the 
(onic  effects  of  electrization  are  resultants  of  the  various  ami  diverse  ac 
fion  of  the  currents  on  the  tissues.  These  effects  have  been  defined  as 
«frt'Atfff/Vir/,/A/j;V'<T/,  rfi/fi/v/fr  (increase  of  circulation  and  absorption). 
eteetrctonic  (raodilication  of  nerve),  electrolytic  (electro  chemical  decom- 
[msition),  and  ehemical.  The  mechanical  effects  art;  more  murkcdly 
observed  from  the  faradic  current,  the  other  eflTccts  from  the  galvanic 
These  terms,  considered  as  explanations  of  the  action  of  electrization, 
tre,  it  must  be  admitted,  quite  unsatisfactory,  since  they  are  incapable 
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of  exact  ami  complete  definition,  anil  must,  to  a  certain  extent,  include 
eacli  other.      It  is  safe  to  say  tliat  we  know  as  much  of  the  rati  ttait 
of  electrization  as  of  most  of  our  internal  remedies.     (See  chapter  ou  fl 
Ihesiibject  in  Electro-Physiology.)  ^ 

/s  EUciricily  Transformed  inta  Nerve  Parcel — Nearly  all  of  the 
earlier  and  very  many  uf  llic  latter  ex|jennienlers  in  electro -therapeu- 
tics assumed  without  arginucm.  that  electricity  was  identical  wiili  the  ^ 
nerve  force,  or,  at  least,  that  it  was  directly  transformed  into  it.  AUhongh  H 
the  ivei^hi  of  evidence  is  at  [iresent  decidedly  against  tlie  theory  of  the 
identity  of  those  forces  (see  Kxperimeni<iof  ItelinhoUz),  yet  the  as<niui|»- 
Iton  that  they  are  identical  or  can  be  directly  transformeil  into  each 
other,  still  lingers.  The  taking  phrase,  *'  Electricity  is  Life,"  is  con- 
stantly used  as  the  war-cry  of  rival  iiii^irunieni  makers,  and  as  the 
motto  of  travelling  charlatans,  on  ilie  street  comers  and  at  coimlry 
fairs.  Whatever  future  science  may  unfold,  we  are  now  forced  to  say 
that  not  only  is  there  no  evidence  that  electricity  is  identical  with  life, 
but  also  that  the  theory  that  electricity,  when  applied  to  the  body,  is  ever 
directly  Iransfonned  into  nerve  force  has  few  if  any  facts  or  arguments 
in  it*  fcivor.  That  the  body  can  be  charged  with  electricity,  and  that 
Ihe  normal  electricity  of  the  body  can  be  changed  in  character  is  clear 
enough;  but  it  does  not  follow  that  such  clianging  of  ctecirical  condi> 
tton  has  any  direct  tnlliieiKe  on  the  quantity  or  quality  of  the  nervous  fl 
force.  Whether  galvanic  or  faradic  electricity  charge  the  bo<ly  to  any 
extent  in  passing  through  it  may  rightly  be  doubred ;  if  ihcy  leave 
more  electricity  in  the  body  than  they  found  tn  It,  it  must  be  by  virtue 
of  tlie  direct  influence  of  the  current  over  the  nutrition.  Electricity 
is  no  more  life  than  light  and  heat  are  life.  Like  light  and  heat  it  may 
sustain  life,  not  by  direct  transformaiion,  but  indirectly  through  its  in- 
Ihicnce  over  nutrition.  When  the  light  of  the  sun  falls  on  a  plant  or 
animal,  when  artificial  heat  is  applied  to  a  cold  and  paralyzed  limb, 
growth  is  stimulated  and  nutrition  imi>rovcd,  but  not,  so  far  as  can  yet  be 
demonstrated,  by  any  direct  transformation  of  light  or  heat  into  nervous 
force.  Similarly,  also,  we  have  no  sufficient  evidence  as  yet  that  the 
varied  and  marvellous  improvement  in  nutrition  that  follows  electriza- 
tion Is  (he  result  of  anything  mure  than  Ihe  indirect  improvement  in 
nervous  force,  which  is  a  part  and  result  o(  tlic  general  improvement  in 
ntitriiion. 

In  the  time  and  manner  of  their  dcx'ctopment  the  tonic  effects  ni 
geneial  faradization  and  central  galvanizaiiou  resemble  those  of  other 
lonif's  in  these  hvo  particulars. 

r.   Thtyare  Dfi'thpcl Slowly. — 'Plus  slowness  ofdevelopnieni  marks 
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1  radical  distinction  between  tonics  and  mere  stiniubnts.  The  igree- 
llilc  siimiilatiiig  rtfccts  which  immediately  follow  nn  applicaiion  ol 
gmt-ral  faiadiz-iiion  and  central  galvanization,  just  as  they  follow  the  use 
of  gymnastics,  walking,  active  games,  etc.,  soon  pass  cff  or  mcige  into 
tlie  |»cnnaneni  or  toi\ic  effects  that  come  more  or  less  slowly,  and 
after  TC|>eated  treatment. 

2.   They  are  often  Vri'etffped  hng  after  the  Treatment  is  Abamioned.  — 

Vi'etks  and  months  after  a  patient  has  taken  a  course  of  general  ircai 

Rivni  by  general  and  central  electrization  he  may  continue  to  tMi|irove- 

>n  his  general  condition,  even  though    very  little  progress  may  have 

been  made  while  the  apptications  were  being  received.     Just  so  tlie 

tonic  effects  of  a  trip  by  land,  of  a  sea  voyage,  of  our  ordinary  summer 

Vacations,  are  scmotimes  not  appreciated  imtil  after  wc  have  rL-tumed 

home,  ami  are  again  fully  at  work. 

I0iy  ttvre  not  the  Tonic  Effetts  if  f.lectricity  sifoner  Discm'eredi—' 
The  inquiry  now  very  naluraily  arises,  why  it  is  that  the  important  fun- 
damental faci — that  electrization  is  a  powerful  means  of  inti>roving 
nutrition,  and  cajiable  ol  producing  elfccts  on  the  constitution  biinilar 
to  those  whicli  arc  familiarly  obtained  from  the  tonics  in  cvcry-clay  use- 
has  escajwd  the  observation  of  the  very  .ible  writers  who  in  different 
lands  have  devoted  themselves  to  electro- therapeutics,  until  we  called 
attention  to  them. 

The  inquiry  is  thus  answered  : — 

I.  Because  most  of  the  recent  scientific  observers  whose  writings  are 
julhoritics  in  electro  therapoMiirs  have  used  elcclricily  locally,  in  some 
form  of  **  localised  eUcthta/ioH." 

Tor  obvious  reasons,  lh.it  have  ulre.idy  been  presented,  heahzed  eUc' 
tritation  must  produce  chiefly  local  effects,  which  aUhough  they  are 
tonie  in  ilieir  character,  so  far  as  they  go,  and  reveal  themselves  by 
marked  improvement  in  the  local  nuiriiion,  would  not  ordinarily  sug* 
g'^'t  the  powerful  constitutional  tonic  iK>wcrs  of  which  electrization  is 
capable  when  apjilieil  all  over  the  injdy,  any  more  than  the  feeble 
effects  dT  washing  the  hands,  the  face,  or  the  feet,  orany  single  member 
or  organ,  would  suggest  or  give  any  intimation  of  the  well-known  con- 
siittuiona!  effects  of  surf-bathing  or  the  shower-bath. 

/W/rrr/ constitutional  effects  result  from  localized  electrization  of  the 
central  nervous  system,  and  especially  from  galvanization  o{  the  brain, 
ipine  and  cem'cal  s)Tnpathetic,  although,  as  will  be  seen,  they  are  not 
ts  marked  as  Uiose  which  follow  general  faradization  and  central  gal- 
vani^atioa. 
Ir  is  a  very  ii  teresttng  and  s'gniticant  fact,  however,  that  since  the 
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introdiictioD  into  medical  practice  cif  the  melliods  of  localizing  thfi 
galvanic  current  in  llic  nervous  centres  first  snggc*st(.-ti  by  Rcmak,  elec- 
tro therapeutists  liave  atliievcd  success  in  a  variety  of  disciscs  asso- 
ciated with  debility  and  itn[)aired  nutrilion,  where  before  electrical 
treatment  was  supposed  not  to  be  indicated,  at  least  by  those  wbo  con- 
fined thcni!u;lves  tn  localized  electrisation.*  A  suggestive  fact  relating 
to  Ibis  subject  is  that  Gublcr,  who  is  one  of  the  very  few  European 
writers  who  had  used  faradization  in  aich  a  way  as  to  directly  affect  the 
whole  system,  also  remarked  tonic  effects  in  conditions  of  debility,  even 
from  his  very  awkward  and  imperfect  method. f 

*.  Decause  the  immediate  effects  of  electrization  are  so  markedly 
Uimulat'mg  as  to  suggest  the  idea  that  it  is  simply  and  o/Uy  a  stimulant 
or  irritant.  In  some  of  the  cases  for  which  localized  clcctrination  arc 
used  the  stimulant  arc  the  effects  which  are  chiefly  desired.  But.  as 
has  already  been  shown,  many  of  our  oidinary  tonics  are  primarily 
sliniulaling.  and  so  much  so  that  they  have  been  classed  as  stimulating 
ionics. 

There  is  little  question  that  if  many  tonics  in  ordinary  use,  had 
been  used  only  locally,  as  electricit)'  has  been  used,  they  might  have 
l>een  regarded  merely  as  sLimulants. 

3.  llecause  until  quite  recently  most  of  the  recognized  authorities 
and  writers  on  elcrtTo-lhcra|)eiitics  of  modem  days  have  not  used 
electricity  in  those  diseases  and  morbid  conditions  where  tonics.  f>ar 
excclUtue,  were  demanded.  'Hiey  have  used  the  agent  mainly  with  a 
view  to  stimulating  effects,  and  in  some  form  of  localized  electrization. 
On  this  principle  they  have  treated  paralysis,  rheumatism,  neuralgia, 
etc.  As  we  shall  demonstrate  hereafter,  besides  those  diseases  in 
which  the  cflicacy  of  localized  electrization  is  fully  established,  the 
morbid  conditions  .and  symptoms  for  which  electrization  is  most  rapidly 
and  permanently  successful,  are  precisely  those  in  which  we  use  out 
'  ordinary  tonics — such  as  dyspepsia,  ner\'Ous  exhaustion,  insomnia, 
hyitochoudriasis,  h)*steria,  general  neuralgia,  diorea,  spinal  irritation, 
and  some  forms  of  paralysis  dependent  on  or  associated  with  general 
debility. 

Furthermore,  in  prosecuting  this  inquiry  we  must  not  overlook  two 
imi>ortant  historical  facts  : — 

t.    In  the  latter  part   of  the  last    and   early  i>art  of  the  present 

•  fjU^lbe  writings  or  Rcnuk,  MeyfT,  Tknetlikl,  NieiRcyer. 

f  De  l'El«rrluifuii  g<tiirr.il<  connlilcT^e  cr>mme  .lijcnt  iwnicjuc  ei  riito'ilul  'iif 
fiisililc.  BflMin  ,if  Tktr'tffuUqm.  l>«nn'ire.  iSAj.  (For  (lc«rt[-4)cn  of  Ui 
oMibiMi,  tee  p  246.) 
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century  frankljnic  electricity  and  tiie  ciirreni  of  the  vultaic  pile  were 
used  fur  a  variety  of  diseases  (or  which  wc  now  tise  tonic5,  and  often- 
cimes  with  some  success.  But  the  agent  was  used  mostly  empirically, 
without  any  definite  idea  of  its  nature  or  the  raUonaU  of  its  operation. 
Partly  on  account  of  the  inconstancy  and  uncertainty  of  the  voltaic 
pile,  and  jjartly  on  account  of  the  many  failures  that  were  necessarily 
inevitable  with  such  poor  ai)params  and  desultory  evperienct,  partly 
also  as  a  reaction  from  the  extravagant  hopes  and  promises  of  the 
earlier  experimenters,  this  system  of  treatment  soon  fell  into  disrepute. 
3.  Tonic  cfTecb  have  l>een  obtained  from  variniis  methods  of  cm- 
ploying  dectricity  by  non- professional  men— t-harlaians  and  outsiders 
— in  the  United  Slates  at  least,  for  many  years,  although  very  few  of 
them  have  known  or  susi>ected  the  nature  of  the  agent  they  dealt 
with,  or  of  the  diseases  they  have  treated. 


OKNIRAI.    SUGGBSIIOKS    IN   RE7AIIP  10  THE   USB   Of    KMCTRXmr 
AS   A   THER.VPKUTIC   ACEM'. 

Keporf.  describing  in  detail  the  iltffercnt  methods  of  nsing  dec 
Iricity.  it  may  be  well  to  offer  some  suggestions  of  a  general 
claraciiT  that  will  ai)i>1y  to  all  tlic  diflTcrcnt  iiiethoils  of  cleclrixation, 
localized  and  general,  with  the  faradic  and  with  tlic  galvanic  currents. 
It  i&  of  the  first  importance  that  those  who  are  beginning  to  study  and 
l>raciice  electrotherapeutics  should  liave  correct  notions  not  only  of 
U>e  general  therapeutical  action  of  cleciricity — the  [jrinciple  on  which 
it  is  used — but,  also,  of  the  general  laws  of  its  application.  Such 
knowledge  fits  one  to  intelligently  study  the  s|)ecial  methods  of  appli- 
cation, and  ihe  tn-alinent  of  the  various  diseases.  A  want  of  this  knowl- 
eilgc  is  a  constant  hindrance,  and  not  (infrequently  utterly  discourages 
the  beginner  in  this  science. 

Genera!  Indieations  for  ihe  Mediea!  use  of  Ehclrielty. — An  error 
that  appears  proniinendy  in  nearly  all  the  works  on  luedVal  electricity, 
and  one  thai  seriously  interferes  with  the  progress  of  heaiihy  and  fhilth 
snphie  electrotherapeutics,  is  the  habit  of  treating  the  natne  of  the 
disease  rather  than  the  condition  of  the  system  of  which  the  syinploins 
arc  the  result  and  expression.  Men  ask  whether  electricity  is  gooil  for 
this  disea^  or  that  disease  without  any  well-defined  idea  of  ttie  position 
that  this  poweiful  agent  occupies  in  tlie  annory  of  ilierapeutics.  It  should 
be  tintierslood  that  electricity  is  a  |»owcrful  stimuftttin;;  sed/ttiir  tonic,  and 
as  sucli  is  indicated  in  any  subacute  or  chronic  {liscasc,  where  stinmtat- 
ing,  sedative  or  tonic  effects  are  indicated,  arHl  without  reference  to  the 
name  of  the  disease  by  which  the  condition  expresses  itself.  With  this 
general  principle  before  ns,  we  cease  to  wonder  lliat  electricity  is  use<l 
and  reconnnendid  in  eitch  a  wide  variety  of  di:«eases,  many  of  them  of 
an  apparently  0[>pO':ite  character,  and  we  see  the  injustice  of  thai 
crilictain  which  condeums  electricity  because  it  is  good  for  so  many 
iSiflercni  afTectiuns.     JnsI  as  finiiitne.  which  is  not  a  specific  for  any 
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dMi5e~)inltfss  n  be  chills  and  fever — is  yet  used  &eely  as  s  tonic  in 

an  mdofintie  number  of  diseases  where  tonic  effects    arc  required,  s.a 

".■kttriciiy,  which  is  not  a  5|»ecific  for  any  ot\e  disease,  is  yet  used  with 

E'Hrfi  resiilt.s  in  any  number  uf  diseases  where  local  or  general  outrilion 

is  lm)iati':<l  and  needs  to  be  improved.     The  indications  for  the  use  uf 

cluciridty  nre   wider    than   the  indications    for  the  use  of  tjuiniiie,  for 

the  threefold    reason  that  it  has  a    powerful  sedative   action    which 

<|iii(ime,   or  indeed  any  otiicr    single  tonic  remedy  does  not  have  ; 

tint  its  stimulant  and  (oiiie  ctfccts  are    more  decided,  and    that    iti 

etfccis  iedativt-,  stinuilating  or  tonic,  can  be  confined  mainly  to  certain 

organs,  nerves  or  nmscles,  or  be  distributed  through  the  whole  body,  ai 

t.uy  be  thought  necessary.     When  the  propriety  of  using  electricity  in 

any  medical  case  is  discussed,  the  first  ijnesHons  to  be  answered  are  : 

I.  Is  there  any  pain  to  be  relieved  ? 

z.  U  there  any  need  and  chance  fur  iuiprovement  in  local  or  genera« 
nutrition  ? 

If  lUese  tiuestions  can  be  answered  In  the  affirmative,  then  electricity 
in  some  mode  of  application  may  be  administered.  The  result  of  the 
treatment  will  dejiend  on  the  skill  with  which  it  is  conducted,  on  the  nature 
of  the  lesion  and  length  of  lime  that  it  has  existed,  and  on  the  agree* 
ment  or  disagreement  of  tile  teuiperajueut  of  the  patient  with  elec- 
tricity. 

Siaj;^  0/ Disease  when  EUctrUal  Treatment  is  Indicated. — Electricity  is 
indicated  mainly  for  subacute andchronicdiseases;  at  least  the  best  results 
that  come  from  the  use  of  this  remedy  have  thus  far  not  been  obtained  in 
Ihc  acnic  stages  uf  disease.  And  yet  there  is  no  ijuestion  that  in  the 
acute  stages  of  rheumatism  faradization  is  of  value,  and  there  is  reason 
to  believe  that  future  experiruenls  will  show  thai  relief  of  pain,  of 
sleeplessness,  and  of  general  nervousness — with  perhaps  perrnaneni 
benefit — may  be  obtained  in  the  active  stages  of  febrile  and  intlammatory 
affections.  The  chief  theoretical  objection  to  the  employment  of 
electricity  in  acute  diseases  is  the  fact  that  the  tonic  effects  of 
electrical  treatment  require  so  miicii  time  that  any  disease  that  runs 
but  a  limited  period  will  not  be  able  to  appreciate  them.  This  objcc* 
tion  does  not,  however,  apply  to  the  slinmlaiing  or  sedative  effects: 
these  can  be  felt  instantaneously  or  within  a  few  hours  after  an  application. 
Electricity  is  certainly  one  of  the  most  potent  of  sedatives,  and  in 
very  many  acute  affections  sedatives  are  constantly  indicated. 

The  old  notion  that  electricity  was  merely  a  stimulant  aided  in  forming 
in  ihc  jtrofessional  mind  another  ■  ery  gross  error,  that  in  active  intlam 
nations  electricit)'  is  contra-indicated.      Experience  proves  every  da> 
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that  the  sedative  effects  of  e.ectrtcUy  are  exceedingly  gntcful  iit  cvic 
tile  acute  stages  of  sprains  and  dtseaiked  joints. 

The  dognia  that  in  hemiplegia  fmm  cervbral  effusion  it  is  better  tc 
wait  for  several  nionihs  until  all  the  active  irritation  has  subsidt:d, 
before  bcgiaiiiiit;  electrical  treatment — which  error  is  yet  luaiiitainetl  by 
inaiiy  of  ilie  ablest  whiers  on  niedic;d  electricity — took  its  origin  ir 
(lie  eirotieous  conception  of  the  jiosition  of  electricity  in  the  luaterU 
niedica. 

It  is  difficult  to  conceive  of  any  actively  inflamed  or  febrile  state, 
where  electricity,  in  the  h;ind!3  uf  one  who  knuws  liow  to  use  witliuul 
^Mising  it,  may  not  be  used  without  injury  even  If  tt  docs  no  good. 

Differeniial  Action  of  tfu  PoUs,  and  of  the  AsefudiMg  and  Dtsetnding 
Currents. — This  is  a  subject  on  which  much  has  been  thought  and  writ- 
ten, and  concerning  vrhicli  opinions  have  been  expressed  with  an 
absoluteness  not  jnsiilicd  by  experience.  Almost  tiic  first  (piestion  that 
the  beginner  in  electro  thcrai«:utics  asks,  is,  •'  Which  pole  shall  1  use?" 
OS  though  that  were  the  fundamental  probletn  to  be  solved.  Another 
question  that  is  |)ui  in  almost  the  same  breath  is,  "Shall  die  current 
be  ascending  or  descending  ?  " 

I'hese  queries  ieeni  to  the  novice  to  be  of  supcrcminent  im]K>rtancc, 
and  he  is  annoyed  that  liis  instructor  or  text-book  does  not  lay  down 
web  positive  rules  on  the  subject  as  to  set  hisdoubts  at  rest  forever.  In 
after  )'ears,whcn  he  shall  have  Liad  much  ex]>eriencc,  he  will  learn  these 
two  facts:  First,  that  die  question,  wliich  pole  or  which  direction  of  the 
current  to  use  in  any  given  case,  is  one  of  various  complexity,  and  can- 
not always  be  solved  by  a  dictum.  Secondly,  he  will  learn  that  the  prac- 
tical therai>eutica]  difference  in  the  action  of  the  i>o1e  or  of  the  ascend- 
ing and  descending  currents,  is  much  less  demonstrable  than  he  sup- 
|>osed,  and  dial  the  sjKcial  dtrcctiuns  fur  eacli  disease  are  not  at  hand. 

The  dilfercnce  of  the  ph)'siological  action  of  (he  [>olcs  of  the  galvanic 
current,  when  applied  to  the  body,  is,  as  we  have  shown  under  electro- 
physiology,  of  a  radical  character.  It  has  s|)(fci3lty  been  sliown  that 
the  antltctrotomc  region  at  the  positive  pole  is  in  a  condition  of  diiiiiU' 
ished,  while  the  eaielectretonic  region  near  the  negative  pole  is  in  < 
coiKliiion  of  increased  irritability.  Moreover.  i(  is  easy  of  denionstra- 
(tun  that  the  negative  pole  of  both  currents  i>  more  (viinful  than  the 
positive,  and  this  fact,  as  ire  liave  seen,  enables  us  to  distinguish  the 
pt^es  ill  cases  of  doubt,  or  when  we  do  nut  tmderstand  the  cunstmc. 
lion  of  the  battery.  Still  furliicr  we  have  seen  that  on  tlie  nencs  of 
t|>eciaJ  senses — notably  on  tlie  optic  and  amiuory  ner\'cs — the  itolcf 
have  a  differential  action  of  a  specific  rnd  demonstrable  character. 
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When  now  we  leave  physiology  and  enter  into  the  complex  realm 
of  th(7ra|ieulics,  we  fnid  tliat  it  is  ustully  better  that  irritable  jiaits  ol 
ihc  wirface  of  the  body  should  be  treated  mainly  by  the  I'Kjsitive  i»ole. 
This  relative  ]K>s)tioD  of  the  electrodes  in  not  usually  departed  fruin  in 
general  faiadization  and  central  ga  vanizalion,  for  the  reason  that  the 
majority  of  cases  that  require  these  methods  of  treatment  are  abnor- 
mally inilalile. 

The  negative  pole,  being  more  irritAting  than  the  positive,  is  indicated 
^irhcn  it  is  desired  to  cause  contraction  in  a  |>aralyzed  muscle,  and  the 
iffcnsnce  between  the  poles  in  produciug  muscular  contraction  is  chid* 
ly  a  difference  of  litf^ree  only,  since  both  (teles  cause  conlraclion  when 
)4iced  on  the  body  of  a  muscle  or  over  its  motor  point,  but  with  the 
tame  strength  of  current  a  more  vigorous  contraction  will  be  produced 
by  the  negative  than  by  the  |K)si(ive  pole. 

In  regard  to  the  ditfercntial  action  of  the  ascending  and  descending 
currents  there  has  been  an  almost  infinite  amount  of  sliallow  observation 
and  impulsive  writing;  for  how  the  (liffercntial  thcra|wutical  or  differ- 
ential physiological  action  of  the  ascending  and  descending  currents  is 
to  be  rightly  diseriminaifd  from  the  action  pf  the  poUs  we  cannot  wcU 
understand. 

The  object  of  applying  electricity  to  the  body  in  disease  is  to  /w- 
\Proie  nuiritifiit,  and  nutrition  is  a  process  of  infinite  complexity ;  in- 
leed,  the  ntosl  complex  and  most  mysterious  of  al!  (he  wondrous  pro- 
Iceases  of  nature.  He  \vho  solves  it  will  become  immortal,  both  as 
ihe  greatest  scientist  and  the  greatest  iheologi.in  of  history,  leaving 
Newioft  and  Calvin  far  behind.  The  relief  of  pain,  the  reduction  of 
cuniors,  the  increase  in  sixe  of  mtisc]ea--4ll  these  everyday  results  of 
electri^ati'-n  are  signs  of  improvement  in  nutrition,  and  it  is  impossible 
to  cxhaii*»»vtfly  explain  them  by  anything  we  now  know  of  ctectrophy- 
siology.  Any  man  who  attempts  to  base  all  his  electro- therapeutical 
procefliircs  on  the  laws  of  electrotonos  will  find  liimself  involved  in  com- 
plications that  have  no  end. 

'Hie  one  practical  rule  in  regard  to  the  poles,  which  we  have  arrived 
ai,  is  that  \i\cposiiifep0ie  is  the  /ess  irritating.  In  accordance  with  this 
nile  we  place  the  negative  pole  at  the  feet  or  coccyx  in  general  faradi- 
lafiim.  and  at  the  pit  of  the  stomach  in  central  galvanization,  so  thai 
the  head,  neck,  and  spine,  and  other  sensitive  pauts  afifected  may  be 
hiMler  the  influence  of  the  positive  jiole. 

That  differential  effects — -physiological  and  therapentical — may  arise 
from  a  difference  of  current  direction  i<t  not  at  all  improb.ible — rer 
tainly  no  one  can  well  prcne  the  negative— but  we  see  no  way  of 
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demonstrating  such  difTerential  efTect.  In  every  attempt  that  we  miki 
the  (liflereiitial  Jtn/ar  effect  comes  in  to  conipHcale,  and  in  oufl 
judgment,  to  override  any  differcniial  effect  there  may  be  m  cunent 
direction.  T.ike  the  familiar  experiment  :  an  elcctnxle  in  each  hand  ; 
in  one  arm  the  current  nill  be  ascending,  in  the  other  descending,^ 
If  now  one  ann  were  differently  affected  from  the  other,  have  wc  any ' 
right  to  rtish  to  the  concUislon  that  such  differential  effect  is  due  to  the 
fact,  that  In  one  arm  the  current  is  ascending,  in  the  other  descending?] 
Is  it  not  far  more  luobablc  that  such  differential  effect  is  due  lo  the 
bet  that  the  positive  pole  is  in  one  hand  and  the  negative  in  the  other? 
The  differential  effect  of  the  poles  can  be  demonstrated  m  v.irious 
*ays,  and  our  knowledge  of  it  inrtiienccs  our  practice;  the  differential 
effect  of  current  direction,  if  it  be  not  entirely  a  myth,  is  to  say  thm 
least  undemonstrated. 

Take  again,  for  illustration,  the  method  of  galvanizing  the  spine.  If 
Che  negative  pole  be  placed  at  the  nape  of  the  neck,  and  the  positive  at 
the  lower  end  of  the  spine,  the  current  is  ascL-nding,  and  if  a  certain 
effect  is  produced,  or  believed  to  be  produced,  such  effect  ts  attributed 
to  the  fact  that  the  current  is  ascending.  I'he  upiier  part  of  the  cord 
is  under  the  influence  of  the  negative  pole,  and  the  lower  part  of  the 
cord  is  under  the  influence  of  the  positive  pole,  and  what  evidence  i* 
there  that  there  is  any  differential  action  of  current  direction  aside  from 
the  differential  polar  action  ? 

Similar  difficulties  beset  us  when  we  place  one  pole,  say  the  negative, 
on  some  indifferent  point,  as  the  feet,  or  thigh,  and  pass  the  positive 
up  and  down  the  sjiine.  Have  wc  any  right  to  attribute  die  effect  pro- 
duced to  the  fact  that  the  current  is  descending,  when  we  know  that  the 
positive  pole  h.is  a  vcr>'  different  physical,  physiological  and  theni|teutj« 
cal  effect  from  ihe  negative  pole,  without  any  regard  to  current  direc- 
tion, while  wc,  as  yet,  do  not  know  that  the  ascending  current  hu  a 
different  effect  from  the  deM:ending  current,  without  any  regard  to  Ihe 
differential  jwlar  effect.  One  thing  is  clear  and  indisputable,  and  that 
is  tlut  the  differential  effect  of  current  direction,  assuming  that  it 
exists,  is  l.'u-gcly  overborne  by  the  differential  polar  effect.  This  is  true 
of  both  currents.  A  crucial  experiment  for  determining  thetjue&tioaof 
the  differential  action  of  the  ascending  and  descending  cuneiils,  would 
be  to  experiment  on  a  piece  of  nerve  in  a  physiological  condition,  all 
parts  of  which  give  the  same  response  to  electrical  excitation,  and  are 
known  to  have  the  s.inie  function. 

If  such  a  nerve-piece  ccuUI  be  supiM)sed,  and  if  the  positive  pole 
could  be  placed  on  the  niiddlc  of  it,  and  the  negative  r  ile  at  the  iieri 
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pheral  end,  we  should  have  a  descending  current ;  the  positive  \kAc  re- 
maining at  the  middle  and  the  negaiive  transfenrixi  to  the  central  end 
of  the  nerve,  would  give  the  ascending  current.  If  now  tlieetfect  afte. 
ihcsc  procedures  should  be  different,  the  strength  of  current,  pressure 
employed,  and  lime  of  stimulation  being  the  same,  and  if  the  effect  o( 
|iTcvtous  stinuiiation  could  be  eilniinated  before  Che  second  part  of  the 
cKperiment  is  made,  we  should  have  a  conclusive  demonstration  of  the 
ilifferenlial  physiological  effect  uf  the  current  direction.  But  such  an 
experiment  is  ideal,  and  the  complications  arc  too  great  for  science  at 
present  to  make  it  actual.  I  n  all  physiological  experiments  of  this  kind 
differential  polar  effect  complicates,  if  it  does  not  neutralize,  the  dil> 
(erential  effect  of  current  direction. 

in  therapeutics,  the  complications  of  the  subject  are  all  the  greater, 
because  all  the  statements  that  have  been  and  are  made  in  regard  tc 
the  advantages  or  disadvantages  of  the  a&ceiiding  or  descending  cur- 
rent in  this  or  that  direction  are  of  little  worth. 

'Hie  [uaclical  rules  on  tliis  subject  to  which  experience,  enliglitened 
and  forliried  by  physics,  physiology,  and  pathology,  have  led  us,  may  be 
thus  recapitulated. 

t.  The  stimulating,  sedative  and  tonic  effects  of  elcctricily,  faradic 
and  galvanic,  are  obtained  by  cither  pole,  or  by  both  combined  or  in 
alternation,  the  difference  in  their  therapeutical  action  being  merely 
a  di£ference  of  degree. 

2.  In  cases  where  the  sedative  effects  are  more  indicated  than  the 
stimulating  effects,  the  |iosirivc  pole  is  preferable  to  tlic  negative*,  since  it 
B  less  irritating,  and  with  the  uninterrupted  galvanic  current,  produce! 
catelecirotunos,  or  a  condition  of  diminished  irritability. 

I  n  the  great  majority  of  the  nervous  cases,  where  general  faradization 
or  central  galvani/,ation  are  used,  sedation  is  more  needed  than  stimula- 
tion ;  hence  the  general  rule  to  use  the  positive  pole  in  these  methods. 

3.  Incnsi-s  ivherc  the  stimulating  effects  are  more  indicated  than  the 
sctlativc  effects,  the  negative  pule  is  preferable  to  the  positive,  since 
it  is  more  irritating,  and  with  the  galvanic  current  produces  cat- 
dectrotonos,  or  increased  irrilnbility. 

For  those  tcmpcrauients,  now  and  then  met  with,  that  are  exceeJingl> 
tolerant  of  cleciricity,  who  can  hear  it  in  any  doses,  however  given,  and 
for  ca^s  of  local  or  general  anaesthesia  and  paralysis  of  motion,  wliatevei 
may  Ik:  the  pathological  cause,  stimulation  is  more  ueedcil  than  sedation  * 
hence  it  is  an  advantage  in  such  cases  to  use  the  negative  pole,  and  in 
some  ciscs  "voltaic  alternatives,'  which  arc  more  irriuting  llian  cittiei 
polo  wlien  uiicd  alone. 
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Inasmuch  as  wc  cannot  tell  the  degree  of  dectro-suscepiivity  in 
A  piiteot  uDtiL  we  have  tested  it,  it  is  well  always  to  begin  general 
fiirailiAaiion  ami  central  golvauization  with  the  positive  pole.  This  rulr 
is  es|>ecially  iii)|)ortant  In  the  United  States,  where  the  tnajorily  of  uui 
patients  of  both  sexes  are  susceptible  s  nd  nervous  and  require  sedation 
tnorc  thau  stimulation. 

£if/k  th<  Seat  of  the  Disecte  and  the  Effect i  9fthe  Disease  U  ht 
7>Ya/c(/.— The  query  wheiher  in  tocali/ed  electriiiation  we  should  direct 
the  treatment  mainly  to  the  seat  pf  the  disease — the  patlwlogical  Usifi/u 
or  to  the  seat  of  the  prffminent  symptoms — the  effects  of  the  lesion — has 
given  rise  to  some  discussion. 

It  sounds  very  practical  to  advise  the  treatment  of  the  s)miptotm 
without  regard  to  the  seat  of  the  lesion.  It  sounds  very  scientific  to 
claim  that  the  electricity  should  be  confined  to  the  exact  seat  of  the 
disease.  Now  the  wise  physician  Is  both  sciciititic  and  {>ractical,  and 
keeping  clearly  before  the  mind  this  central  thought,  tliat  the  leading 
action  of  electricity  is  that  of  a  stinmlating  tonic  with  a  powerful 
sedative  influence,  we  can  readily  discern  the  truth  on  this  subject. 
Borti  the  scat  of  the  disease  and  the  seat  of  the  symptom  should  be 
treated,  for  in  both  there  is  need  of  improvement  in  nutrition.  In 
this  view  common  sense  and  experience  accord.  In  hemiplegia,  for  • 
typical  example,  the  lesion,  the  seal  of  ihe  diseaiie,  is  in  the  brain, 
while  the  leading  symptom  is  in  one-half  ol  the  body,  which  is  para- 
lyzed. The  muscles  of  that  «de  become  atrophied,  and  tlie  nerves 
become  anesthetic.  To  restrict  the  electrization  to  the  brain,  and  to  that 
fide  of  it  where  the  lesion  is  or  is  .<iuppose<\  to  be,  is  so  imposing  and 
scientific  in  theory  that  electro-therapeutists  of  limited  cxi»ericoce 
might  advise  this  treatment  exclusively.  To  purify  the  stream,  Grst 
purify  the  fountain.  Lay  the  axe  at  the  root  of  the  tree.  All  these 
analogies  are  beaudful,  but  they  are  fallacious.  The  symptoms  of  the 
disease  will  not  disappear  when  the  disease  disappears.  The  effects 
remain  after  the  clot  is  absorbed.  In  the  larger  number  the  half  of 
the  body  is  as  mtrch  the  seat  of  the  disease  as  Ihe  brain ;  for  the 
several  parts  of  this  human  machinery  arc  all  members  one  of  another. 
AVhen  one  suffers  all  suffer.  To  confme  the  treatment  to  the  paralyzed 
muscles  is  also  irrational,  although  the  purely  peripheral  treatment  is 
far  more  successful  than  purely  central.  If  we  are  to  be  exclusive  and 
ooe-sidcd  and  llu-orcliral  in  our  trpntuient,  it  is  better  to  exclusively 
treat  what  arc  called  the  symptoms  or  effects  of  the  disease,  and  to 
neglect  ihc  brain  altojjether.  Hut  it  is  the  part  of  the  higher  wisdom 
to  use  both  methods— central  anJ  pcritihcral,  to  attack  the  scat  of  the 
lesion  and  the  seat  of  the  sympto  n. 


HEALTHY  TARTS  BENEFITED  BV   EI.ECTKl/ATION.       233 

The  nmst  sarisfactory  results  in  hemiplegia  come  from  a  r^i.ibination 

of  peripheral    and  central  treatmcnl.     Similarly  with  diseases  of  the 
t\ntiii  curd,  as  congestion,  sclerosis,  resulting  in   paralysis  of  motion 
Or  scnsatiun.     Purely  central  Irealnient — galvanization  of  the  spinal 
cord — is    not   sufficient ;    the  symptom  also,  tlie   paralysis,  must  be 
treated  directly  in  the  nuiscles  and  nerves  where  it  is  most  prominent. 
Jn  disea?*es  of  ihe  spinal  cord,  treatment  confined  to  the  scat  of  the 
diieasc  does  more   good   than  in  diseases  of  the  brain,  for  the  reason 
that  the  cord  is  iiLore  accesiiihlc  to  tlie  current,  its  surface  being  more 
cx)x>sed,  as  it  were,  througho\it  its  entire  length.      Rut  t!io<e  whc 
content  themselves  with  treating  diseases  of  the  cord  by  simple  galvani> 
tition,  10  the  exclusion  of  peripheral  treatment,  make  a  grave  mistake  ; 
they  fail  where  they  ought  to  sncceccl,  and  they  succeed  only  in  a  small 
percentage  when  a  large  percentage  was  possible.      Cases  of  ataxia, 
u  well  as  of  motor-paralysis  need  itcripheral  treatment  with  the  moist 
spongp  or  wire  brush,  or  both,  as  well  as  galvanizalion  of  the  spine. 
On  the  same  principle  our  method  of  central  galvaniiaiion  is  some- 
(intes  more  effective  in  diseases  of  the  coril  and  brain  than  localized 
galvanization  of  these  parts,  as  usually  practised    In  neuralgia  al«o 
*hcie   Uic  seat  of  the  disease  is  in   the  nerve-centres,  the  applicalioi. 
should  be  made  both  to  the  tender  and  painful  points,  ns  well  as  over  the 
root  of  the  nerve,  and  a  very  good  method  of  application  is  to  place 
^ne  ixjIc  over  the  origin  of  the  painful  nerve,  as  near  as  possible,  and 
the  other  over  the  tender  point  and  along  the  whol*-  course  of  the 
»\erve.      Frequently  neuralgia,  as  we  shall  see,  yields  to  our  method  of 
central  galvanization — where  not  only  the  painful  and  disease<l  parts,  but 
also  the  whole  central  nervous  system,  whether  healthy  or  not,  is  treated, 
— when  it  does  not  yield,  at  least  as  rapidly  or  as  surely,  to  local  appli- 
cations either  central  or  i>eripheral. 

HeaHhy  paris  may  be  benefited  by  EUctrizaihn, — There  is  a  kind  o( 
nnconsciotis  idea  abroad  among  elertro-thcrapeiitists  that  in  appl>nng 
electricitj-  to  the  body  it  is  necessary  to  avoid  acting  on  healthy  parts, 
and  that  the  direct  effects  of  the  current  should,  so  far  as  pos-sible,  be 
con5ned  to  the  part  that  is  mpposed  to  be  in  a  diseased  condition. 
This  erroneous  doctrine  takes  its  origin,  Jirst,  in  the  teaching  of 
Duchenne  and  other  advocates  of  localized  electrization,  and,  stcondly^ 
in  the  narrow  and  incorrect  ideas  of  the  general  phyaologicai  and  theia- 
peutical  action  of  electricity. 

Duchenne,  by  en>botl)ing  the  term  *'  localized  "  in  the  title  of  his  work, 
has  done  much  to  |)opulariie  in  the  profession  the  notion  that  in  dec 
trical  applications  the  aim  should  be  to  concentrate  the  current  on  the 
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part  where  it  ta  supposed  to  be  needed,  and  to  avoid  afTccting  olha 
IMurts. 

The  idea  that  electricity  is  a  mere  stimulus,  and  onlj  valuable  as  a 
means  of  exciting  paralyzed  ni  im:Ics  or  waking  up  dormant  nerves, 
would  very  naturally  lead  to  ihc  adoption  of  the  view  that  it  should  be 
used  only  in  those  parts  liut  ate  in  need  of  jUimulaiion,  and  that 
healthy  parts  would  be  injured  by  it.  The  false  ideas  iliat  have  pre- 
vailed in  regard  to  effect  of  stimuli,  which  we  hare  elsewhere  discussctl, 
have  tended  to  increase  this  absurd  dread  a(  applying  electricity  to 
facaldiy  parts.  A  little  common  sense  applied  to  this  subject  may  per. 
Iiaps  help  us  to  find  the  irulli  without  great  difticulty. 

first  of  all,  we  must  bear  in  mind  alwaj-s  that  the  doctrine  taught  by 
the  Euro]rean  writers,  that  electricity  is  a  stimulus  merely*  is  narrow 
and  erroneous.  Electricity,  applied  to  the  body,  acts  as  a  stimulating 
tonic  with  a  powerful  sedative  influence.  Then,  again,  stimulants  are 
something  more  than  mere  goads  or  spurs  ;  they  correct  and  intensify 
the  forces  of  the  body,  and  may  be  useful  and  as  necessary  in  conditions 
that  we  call  healthy  as  in  those  that  we  call  unhealthy.  Stimulants 
Ionics,  and  sedatives  are  called  for  every  day,  and  arc  every  day  em- 
ployed by  nearly  every  member  of  the  human  race,  young  or  old,  Sick 
or  well.* 

Still  further,  pathology  is  not  so  much  a  special  and  separate  condi- 
tion as  a  degree  of  the  nonml  condition  of  health.  No  one  can  tell 
just  where  physiology  ends  and  lulhology  begins.  Reasoning  from  oil 
IhcsL'  cottsideratiuns,  it  is  clear  not  only  that  electricity  need  not  be 
confined  to  diseased  |>arts,  but  that  the  parts  that  we  call  healthy  may 
be  benetiled  by  it  just  as  truly  as  those  that  we  believe  to  be  un- 
healthy, and  the  benefit  they  receive  may  react  favorably  on  the  dis- 
eased parts,  and  thus  aid  the  treatment. 

These  views  arc  enforced  by  analogy.  Very  few  of  our  siiuuilating 
tonic  or  sedative  remedies  are  limite<l  in  their  action  to  parts  that  are 
diseased.  The  medicines  that  we  give  by  the  mouth  or  by  (he  syringe 
go  whither  they  please,  and  if  they  sensibly  affect  some  diseased  or^n, 
it  is  not  because  their  action  is  confined  to  that  organ,  but  brriiue  that 
organ,  on  account  of  its  readier  operation  or  of  its  disease,  is  more  sensi- 
tive than  other  parti  to  the  intltience  of  remedies.  Alcohol  or  opium  go 
to  the  brain,  lead  alTccis  the  exterior  muscles  of  the  forearm,  and  tlie 
influence  of  chlorate  of  potash  is  quickly  felt  in  the  mucous  membrane 

*  This  tabjcci  u  diwv'«c<l  in  ilcLatl  in  Dr.  ikar<''i  work  oo  "Stuna'-ouu  uk 
Nairolio." 
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of  the  mouth;  but  none  of  these  remedies  restrict  themselves  to  Hit 
parts  tiiat  arc  ihc  most  percc|iitbly  affected  by  them. 

Indeed,  ilie  fact  th.it  our  most  valued  medicine?  are  used  for  &uch  a 
vificty  of  Incii  and  general  atTection!>  sUdws  tliat  their  cfTect^  arc  nut  con 
6ncd  to  separate  ^arts  of  the  body  to  the  extent  that  has  becu  supposed. 
Klcctricity  can  be  locaU/ed,  hi  cases  where  it  is  desirable  to  do  so, 
better  than  almost  any  other  remedy,  and  yet  the  most  careful  and  suc- 
ccssftit  localization  of  the  current  is  more  or  less  imperfect.     Hie  re- 
Ilex  effect  of  clectriration  that  always  complicates  the  direct  effects, 
and  which  are  sometimes  of  more  value  than  the  direct  effects,  cannot 
be   Bvoided.     Then,  again,  the  branch  currents,  vrhich,  as  we  have 
Seen,  move  in  nndulations  not  only  direcdy  between  the  electrodes,  but 
at  a  considerable  distance  on  either  side  of  the  median  line  between 
them,  will  be  likely,  in  nearly  all  forms  of  application,  to  touch  healthy 
parts  that  do  not  stand  in  especial  need  of  treatmenU     The  most  com- 
plete form  of  localized  electrization  is  electrolysis  when  the  needles  are 
placed  close  together,  but  even  here  the  reflex  effect  is  most  powerful, 
and  operates  with  a  mild  as  well  as  witli  a  strong  current. 

But  fortun.itely  it  is  never  necessary  to  localize  electricity,  in  the 
strict  sense  of  the  tcmj.  It  is  somL-times  necessary,  however,  to  avoid 
producing  too  strong  retlex  effects,  and  in  ai>plicationi  near  sensitive 
parts  ttie  possibility  that  the  brancli  currents,  if  powerful  currents  are 
used,  may  over-irritate,  should  ever  be  borne  in  mind.  Experiment  and 
experience  show  that  healthy  animals  and  men  can  be  electrized  with 
benefit  all  over  the  body,  or  in  any  part  of  it.  In  applying  electricity 
to  any  part  of  the  body  we  improve  tLic  nutrition  of  that  part ;  in  ap- 
plying Electricity  to  the  whole  bo<!y  we  improve  the  nutrition  of  the 
irliole  body,  or,  at  least,  of  those  parts  which  are  directly  or  indirectly 
intiuenced  by  the  current.  l''aradi/.ation  of  a  healthy  muscle  makes 
it  grow  faster  than  it  ivould  grow  without  faradization  ;  in  other  words, 
It  prrnhices  the  same  effect  that  it  would  if  the  muscle  were  paralyzed. 
When  a  [lart  is  in  a  pathological  condition — when,  fur  example,  a 
muscle  is  atrophied — any  improve.nent  in  nutrition  under  electrization 
is  more  quickly  observed,  and  is  probably  more  rapid  and  importanl 
than  when  the  same  muscle  is  treated  in  a  physiological  condition  ; 
but  the  im|>rovement  of  the  healthy  muscle  is  none  the  las  real, 
though  it  may  be  relatively  less  important  than  in  the  diseased  muscle. 

The  Ionic  effects  of  general  faradization  and  of  central  galvanization, 
and,  indeed,  of  many  forms  of  localized  electrization  are  due  to  the 
direct  or  indirect  action  of  the  current,  on  parts  which  are  more  or  less 
healthy,  or  which,  In  say  the  least,  arc  not  in  any  recitgni.'.ab1c  patho 
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logiral  itate.     The  objection  sometioiea  brought  against  these  methuds 
that  they  do  thus  affect  healthy  parts,  siintily  altetnpts  to  prove  too 
much.     The  same  armament  would  banish  all,  or  ncaxly  all  our  ^lirau 
lants,  tonicH,  and  sedatives  frnni   our  materia  metlica,  and  practically 
disconrage  all  attempts  to  relieve  or  cure  chronic  diseases  of  the  ner<fl 
VOiiS  system. 

Care  in  the  Details  of  the  AppUeations. — There  is  «s  much  differ- 
ence between  a  skilful  and  an  awkward  application  of  electricity  u 
there  is  between  a  skilful  and  an  awkward  upcralion  in  surgerj'.  By 
those  who  desire  to  become  experts  in  applying  electricity,  the  follow- 
ing points  should  be  considered  :  S 

I.  To  avoid  suddenly  interrupting  the  currents  in  cases  where  JDlcfr" 
ruptions  are  not  required,  and  especially  in  applications  on  or  near  the 
head  In  the  treatment  of  paralysis  of  motion  and  of  sensation,  inter- 
ruptions are  required,  but  in  the  treatment  of  the  brain,  spinal  cor<l. 
and  sympathetic,  and  in  very  many  peripheral  applications  stable  cur- 
rents only  are  required.  In  all  such  cases  the  current  should  be  closed 
gradually  and  delicjtely.  if  possible  by  means  of  a  rheostat  of  some 
kind,  or  by  increasing  or  diminishing  the  ]>resjure  on  the  sponge  of  the 
electrode.  Intemiptions  made  in  the  metallic  part  of  the  current  are 
always  more  sudden  and  violent  than  those  made  in  the  electrodes,  for 
the  physical  reason  that  the  connection  of  the  current  is  more  sharp  and 
abnipt. 

Delicate  patients  should  be  treated  with  delicacy.  Tliose  who  are 
sensitive  and  apprehensive  should  never  be  annoyed  by  sudden  breaks 
in  the  current,  except  in  those  forms  of  disease  where  sudden  breaks 
are  required. 

In  piescntiDg  this  caution  we  do  not  intend  to  endorse  the  notion  that 
serious  jjaihulugical  lesions  are  caused  by  interrupting  the  current,  even 
on  or  near  the  brain.  There  is  litHe  or  no  evidence  besides  the  case 
of  Duchenne,  that  any  serious  injury  to  the  rclinaf  or  to  the  auditorj- 
nerve,  or  to  any  part  of  ihe  brain,  or  S)-ni[Kithetic,  or  spinal  cord,  has 
been  produced  by  Caradizaiion  or  galvanisation  with  the  strength  of  cur* 
rent  nrdinarily  employed  in  elect ro-uiedical  application*.  The  dizzi- 
nets,  the  sour  taste  in  the  mouth,  the  flashes  of  lii;ht  before  the  cye^ 
the  shock  or  agitation  produced  by  the  sudden  interruption  of  the 
galvanic  current,  are  annoying,  and  to  the  delicate  patient  uitaccu^- 
tmiml  to  them,  sometimes  alarming,  but  wtlh  the  hattcnes  in  ordinary 
nse,  and  with  the  strength  of  current  tint  is.  or  ought  to  be  employed 
through  the  head  and  ueck,  they  are  rarely  if  ever  dangerous  :  they 
are  temporary  effects  that  soon  pass  away,  and  are  forgotten.     But 
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ihey  are  to  be  avoided  in  cases  where  they  are  not  required,  for  the 
three-fold  reason  that  they  do  no  positive  good,  that  tliey  may  interfere 
#ith  the  success  of  lite  treatment,  and  that  ihey  alarm  or  annoy  the 
patient.  We  are  lo  avoid  worrying  our  patients  in  this  way,  for  the 
uine  reason  that  we  are  to  avoid  treading  on  their  corns,  because  it  is 
disagreeable  and  discourteous, 

2.  To  avoid  making  the  applications  unnecessarily  painful  through 
carelessness  in  the  management  of  the  electrodes. '    Uy  the  use  of  fine 
and  soft  sponge — the  best  that  can  be  found  in  the  shops — the  smarting 
and  Hiingtng  pain  of  the  applications  can  be  much  diminished.      Aside 
&oni  the  fact  that,  with  some  exceptions,  less  satisfactory  results  follow 
]>ainful  than  pleasant  currents,  the  feeling  of  pain  should,  so  far  aspos- 
lible,  be  avoided.     There  are,  as  we  have  said,  a  certain  number  of  pa- 
tients who  carry  into  medicine  the  same  views  that  once  dominated  in 
religion,  and  who  desire  lo  suffer,  and  have  very  little  rcsjicct  for  any 
treatment  that  does  not  cause  more  or  less  agony.     Such  patients  nlD 
fiomeiimes  find,  after  one  or  two  severe  and  painfid  applications,  that 
they  arc  injured  more  than  benetiied,  and  will  submit  to  the  advice  of 
the  jihysician  and  take  the  treatment  that  is  best  for  thcni. 

3.  To  avoid  suqmsiog  and  startling  ihc  patient  by  allowing  the  wires, 
or  the  metallic  portions  of  tl>e  electrodes,  to  touch  any  part  of  his  ex- 
posed body.  If  the  connecting  wires  slip  out  of  iheir  connections  with 
the  electrodes  they  are  liable  to  fall  on  the  exposed  skin  a^d  give  a 
painful  shock.  If  the  edge  of  the  electrode  not  covered  with  sponge 
or  cloth  touches  ihe  skin,  it  will  give  the  patient  sudden  iiain,  and 
annoy  both  him  and  the  operator.  Connecting  wires  that  are  not  pro- 
tected by  rubber  arc  liable  to  lose  their  silk  or  cotton  covnngs  in 
places  which  when  Ihey  touch  the  skin  cause  pain. 

4.  To  be  always  and  every  niomenl  sure  that  the  current  is  nmntng. 
The  batteries  should  be  tested  before  the  application,  either  by  the 
gslvanometer  or  through  (he  hand  or  person  of  the  operator,  that  he 
niciy  be  sure  that  it  is  in  order,  that  the  connections  arc  pro|)cr]y  made, 
and  that  the  electrodes  are  sufficiently  wet  lo  conduct  the  current. 
When  mild  currents  aje  used,  salt  way  be  added  to  the  solution  in 
which  the  tlectnxlc  is  dipped,  so  that  a  slight  stinging  senwtion 
beneath  the  electrode,  may  keep  the  patient  assured  tliat  ihe  cunenl 
is  passing. 

Disrobing  of  the  Patient. — The  great  majority  of  elecirical  applica- 
tions require,  on  the  part  of  the  patient,  more  or  less  loosening  or 
removal  of  the  dress.  Not  only  in  this  necessar)-  in  general  faradiza- 
tion and  central  galvanization,  but  in  very  many  local  applicalions  to 
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ilie  &piiie,  abdomen,  and  u^iper  and  lower  limbs, — excepting  merely  the 
face,  head  and  hands.  To  know  how  to  direct  the  patients  to  arrange 
ihc'ir  clothing  so  as  to  give  the  operator  sufficient  and  easy  access  to  the 
person,  is  a  part  of  the  art  of  practical  electrO'therapeutists,  and  it  is 
an  an  not  to  be  despised  Male  patients  Iiavc  less  trouble  in  this  re. 
gard  than  female  patients,  since  cheir  garments  are  fewer  and  simpler, 
but  they  arc  mort-  annoyed  by  the  little  tJiey  have  to  do  than  women 
arc  by  their  vast  paraphernalia.  'T\ic  art  consists  in  Ititfscning  a*iJ futl- 
inf^  up  without  tntirely  removing  tht  under-ththing,  thus  avoiding 
troublt,  exposure  and  ■waste  of  time.  H 

Temperature  of  the  Electrodes  and  of  the  Operating  Room, — ^The 
question  is  often  raised  by  patients  whether  tliere  is  any  danger  of  tak- 
ing cold  after  an  application  of  electricity.  The  answer  is  clearly  in 
the  negative.  The  electricity,  as  such,  so  far  as  it  goes,  fortiftcB  the 
system  against  cold;  but,  by  careless  exposure  while  undressed  in  a 
cold  room,  it  is  possible  to  take  cold,  just  as  by  similar  exposure  when 
electricity  is  not  used.  It  is  also  possible  lo  make  the  application 
quite  uncomfortable  by  using  sponges  moistened  with  cold  Instead  of 
tepid  water  Our  aim  should  be  to  Imve  the  temperature  of  ih« 
operating  and  dressing-room  a  little  higher  than  is  necessary  for  a  per* 
SOD  fully  dressed ;  to  moisten  the  sjionges  or  electrode  covers  in  teiud 
or — in  very  cold  weather — in  hot  water;  and  when  the  feet  are  placed  on 
a  foot-plate  of  tin  or  copper,  to  have  a  nanii  soapstone  beneath  the 
foot-plate  lo  keep  it  always  cuiufortable.  H 

Time  of  day  for  the  Application. — Applications  of  electricity  may  be 
given  with  advantage  at  all  hours  of  the  day  and  night.     In  onr  experi- 
ence,  and  probably  in  the  experience  of  all  clcctro-thcrapcutists,  the 
majority  of  tlie  applications  are  given  in  ordinary  business  hours,  in  the 
forenoon  and  afternoon.     VVe  have  never  been  able  to  see  that  anything 
was  gained  by  giving  any  particular  heed  to  the  hours  of  eating  ;  just 
before  meals,  and  just  aHer  them,  ordinary  elecirical  treatment  may  be 
given  with  apparently  as  much  benefit  as  two  or  three  hours  from  i^k 
meal.      In  some  iiiiijresbtble  temperaments,  central  galvaiiizatiun  and 
general  faradization  temporarily  increase  appetite,  and  for  such  peisons 
on  apnllcalion  might  ver)-  properly  be  given  a  little  before  lueals.     Foiw 
those  who  suffer  ftv'io  dyspepsia,  a  seance  pretty  soon  after  dinner  might  ■ 
be  of  service  in  aidmg  digestion,  but  we  cannot  say  that  we  have  seen 
any  such  results. 

For  all  delicate,  hysterical,  sleepless  patients,  the  evening  is  an  excel* 
lent  lime  to  receive  electricity.  The  powerful  sedative  effects  of  ceotnl 
and  general  electrizatian  are  in  thii  class  of  patients  most  gratefully  r»>j 
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ilized  a  little  bcfoi^*  going  to  bed,  or  after  they  have  already  retired. 
For  these  reasons  we  have,  for  years,  been  accustomed  to  treat  some  of 
onr  patients  in  ihc  evening,  before  or  shortly  after  retiring,  and,  were  it 
not  for  tlie  mcunveniencc,  we  should  do  it  more  frequently. 

Time  of  Apphcations. — The  time  of  an  ajjpHcation  is  an  element  of 
the  dose  of  electricity  that  has  not  been  sufficiently  smdied.  EIcctn>- 
thcrafieutists  have  fallen  into  the  conventional  and  routine  habit  of  ii$i:ig 
the  current  all  the  way  from  five  to  ten  or  fifieen  minuter  or  so,  at  3 
sitting,  without  suOiciently  investigating  the  question  whether  the  length 
of  the  ap|ilication  ought  not  to  be  varied  with  studious  care,  in  each 
case,  and  varied  during  the  course  of  treatment. 

For  irritable,  sensitive  and  impressible  patients  this  law  certainly 
holds  ;  Hiat  hng  appHcathns  with  mild  (urrentt  are  hitter  than  short 
spplieations  with  strong  eurrents.  This  law,  which  is  tlic  outcome  of 
all  otir  observations  in  the  department  of  electro-lhera].>eutic3,  applies  to 
tU  modes  of  n&ing  electricity. 

A  sudden  shock,  or  a  series  of  shocks  with  a  jwwcrful  current,  may 
injure,  where  a  prolonged  application  with  a  gentle  current  may  work 
Qo  harm  and  much  good.  That  this  element  of  time  becomes  a  practi- 
cal difiicutty  in  the  use  of  electricity  by  ovtrrworked  general  practitioners, 
ttiust  be  admitted  :  but  if  it  be  a  sctentitlc  fact — as  it  surely  is — Uial 
time  is  required  to  gain  the  choicest  and  best  effects  of  electrical  treat- 
nient,  then  we  must  recognise  and  accept  the  fact,  and  treat  our  patients 
accordingly,  and  cx()ect  them  to  reward  us  for  our  labors  more  liberally 
than  for  a  mere  prescription  ot  suggestion. 

We  insist  on  tliis  point,  because  we  feel  that  through  neglecting  it 

many  mistakes  have  been  made,  and  through  a  disposition  to  neglect  it 

there  is  danger  that  in  some  minds  electrg-cherapeutics  itself  may  fall 

iato  disrepute.     WTiile  many  patients  and  many  cases  do  well  under  five 

or  te,.  minutes  of  electrization,  very  many  others,  csiicclally  after  they 

have  become  accustomed  to  it.  require  at  least  double  iliat  time. 

With  all  our  might,  we  should  avoid  the  error  of  supposing  that  the 
best  effects  of  electrical  treatment  will  succeed  by  sliurt  ai>]iIications 
with  strong  currents.  In  this  way  we  may  both  s&ve  nme  and  lose  our 
[•atients. 

Economy  of  this  sort  may  prove  to  be  the  worst  of  extravagance. 
Frequency  of  the  Appliialions. — Ordinary  siiraulaniing  and  tonic  nic  Ji 
does  arc  given  one,  two,  and  usually  three  times  a  day.  The  dose  of 
electricity  cannot  nsually  he  administered  so  frequently  without  doing 
more  evil  than  good.  It  seems  essential  to  the  electro-therapeutical 
treatment,  whatever  the  mode   employed, — general  and  local  faradiza- 
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tion,  central  and  local  galvanization,  and  even  electric  baths  and  the 
use  of  [he  body  batteries,— that  tliere  should  be  a  iOftsidera^U  period  ef\ 
rest  betxoeen  the  applications. 

Electrization  sets  in  motion  forces  tliat  slowly  act  and  react  hours  and 
days  after  the  electrization  has  ceased.  The  time  requifed  for  these 
forces  to  operate  to  the  best  advantage  varies  with  individuals,  but  in 
all  cases  a  certain  period  of  rest  is  required,  and  if  tlie  applicalioa  be 
repeated  before  this  period  or  some  portion  of  it  has  elapsed,  the  bene* 
fits  of  the  previous  application  are  niorc  or  less  neutralized,  and  the 
patient  may  Uc  weakened  more  tlian  strengthened.  This  at  least  ajipears 
to  be  the  conclusion  that  long  experience  forces  upon  us.  All  the 
way  between  every  day  or  once  a  week  the  applications  can  be  given 
witli  benefit  Three  or  four  tiuies  a  week  Is  about  as  often  as  the  aver- 
age {>aticnt  cares  to  make  his  visits,  and  it  is  safer  to  liegin  treatment 
with  at  least  an  intcn-al  of  a  day  or  two  between  sittings.  Sonic  pa* 
tieots  require  at  the  outset  of  a  course  of  treatment,  intervals  of  thre« 
or  four  daj-s.  If  by  accident  or  intention,  strong  and  long  applications 
arc  nude,  unpleasant  reactive  effects  may  follow  that  at  once  suggest 
the  necessity  of  waiting  for  a  (.lay  or  two.  Many  a  time  dues  il  ha|)pen 
t£  ua  to  visit  a  patient,  and,  on  learning  the  history  of  the  symptoms,  ^ 
to  |Nit  off  the  application  tweutyfout  oi  forty-eight  hours.  ^| 

On  the  o:her  hand,  there  are  those  who  can  take  full  applications  every 
day  for  a  month  in  succession,  and  in  some  caMrs,  as  it  apiiears  to  us, 
with  greater  benefit  than  would  be  derived  from  applications  given  every 
other  day.  At  the  founding  of  the  Electro  Therapeutical  Department 
of  Ucniilt  Dispensary,  we  received  patients  only  twice  a  week,  and  good 
results  were  obtained  under  that  system,  but  we  afterwards  found  it  de-  • 
airable  to  add  another  day.  In  private  practice  wc  make  the  applica- 
tions more  frequently  than  at  first,  and  find  an  .advantage  in  so  doing, 
for  the  reason,  mainly,  that  we  use  milder  currents  than  formerly,  and 
our  patients  can  bear  and  be  profited  by  more  frequent  sittings. 

General  and  central  applications  require  longer  intervals  than  local 
and  peripheral  applications,  for  the  patent  reason  that  they  mora 
powerfully  affect  the  vhole  system,  and  arc  more  frequendy  foUoived 
by  rei  ctive  effect*  fl 

In  rarecases, — when  the  patient  has  but  ashort  time  to  remain  in  towa-^ 
or  when  an  intolerable  pain  is  to  be  relieved, — wc  have  given  applica^ 
tions  twice  a  day,  but  have  not  usually  obtained  any  advantage  thereby. 
Chronic  nervous  diseases  cannot  be  cured  in  a  day  ;   time  is  as  ncce^ 
saiv  as  the  electricity.     Ix»ng  standing  pathological  lesions  are  not  to 
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be  carried  by  assault  however  bravely  conducted ;  they  yield  only  to  a 
protracled  siege. 

Jtfguhrity  0/  the  ApplUations.—\i  19  the  custom  with  some  electro^ 
tht>ra|>euti<its  to  insist  on  regularity  in  llie  days  and  hours  of  ihe 
z^iplicacions,  and  there  arc  those  who  bchcvc  tliat  the  best  effects 
6illow  regular  and  methodical  treatoienL  On  this  poiut  wreare  in  some 
doubt.  PatieDis  who  are  methodical  in  ihcir  habits,  and  who  are 
regular  in  their  visits,  will  be  less  likely  to  omit  visits,  .and  will  be 
niort  likely  to  persevere,  and  consequently  will  Ik:  more  profited  than 
those  who  omit  half  of  tlicir  visits  and  abandon  treatment  before  it 
is  fully  tried.  There  is  no  evidence  that  regularity,  as  such,  is  any 
advantage;  although  there  is  strong  probability  that  for  some  constitu 
tions,  and.  perhaps,  for  cliseases  with  periodic  sjiupioms,  it  might  be 
art  advantage  to  give  the  applications  at  the  same  hour  daily,  or 
every  oibcr  day,  as  the  case  may  be.  Our  own  custom  in  this  regard 
varies.  Praclically  we  find  it  impossible  to  treat  all  patients  with 
ibsolutc  regularity,  and  in  those  cases  where  we  arc  able  to  do  so  wc  hftve 
not,  thus  far,  been  able  to  see  any  special  therapeutic  advantage. 

Protfinged  ApplUationf.^—K  method  of  using  electricity  that  hai  been 
too  little  studied  by  the  profession  is  that  of  prolonged  applications 
with  mild  currents. 

In  certain  diseases,  both  medical  and  surgical,  it  is  of  advantage  to 
allow  the  current — galvanic  or  faradic — to  nm  for  several  hours — all 
day  or  all  night — as  may  be  convenient. 

Wc  have  became  so  accustomed  10  the  use  of  sliori,  or  iiimiparatively 
short  applications,  Uiac  wc  forget  that  the  current  if  bufficicntly  gentle 
may  be  |>assed  through  die  body,  or  part  of  the  body  for  hours,  if  not 
days  consecutively,  without  injury,  and  with  gre.it  benefit,  provided 
certain  cautions  arc  observed. 

When  the  galvanic  current  is  thus  used,  care  must  be  taken  not  tc 
allow  ihc  sponges,  or  metals,  or  cloths,  to  remain  toe  long  in  one 
s|>ot,  since  they  will  cause  a  disagreeable  though  not  serious  ulceralton 
of  the  skin,  that  may  be  some  time  in  healing.  In  order  to  avoid  Uiia 
ulcerati'jn,  it  is  woll  to  use  sponges  instead  of  metals,  and  to  change 
front  lime  to  time  the  pObi  ion  of  the  electrodes,  so  tliat  ihey  may  not 
ut  too  long  on  one  sf>ot. 

The  details  of  this  method  of  using  electricity  must  be  varied  wlU, 
racli  case  and  the  circumstances  of  the  patient. 

/titenttis  hflwcen  t/ie  Ccurses 0/  TretUment.— It  is  somelimes  of  seivice 
in  sus^wnd  a  coiir.se  of  treatment  after  it  has  been  going  on  a  number 
of  weeks,  and  to  allow  aji  inter\-al  of  one  or  tncre  weeks,  according  tc 
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ciicumstances.     It  is  sometimes  observed  that  patients   improve  u 

much  during  ihc  intcn'al  as  during  the  treatment,  and  when  the  appH* 
cations  are  renewed,  they  have  greater  force  than  at  the  close  of 
the  course  of  treainieut.  It  is  true  of  electridt)',  as  of  almost  every 
other  stimulanl,  Ionic,  sedative  remedy,  lliat  after  receiving  it  a  certain 
time  the  system  becomes  so  accustomed  to  it  as  to  tolerate  it,  and 
(hen  its  full  force  is  not  ap(>reciated.  In  cases  where  this  loleiation  of 
electricity  is  observed,  when  the  improvement  halls,  so  to  speak,  a^ 
brief  strspension  of  treatment  may  be  indicated,  and  on  renewing  it, 
all  the  bene5t  at  first  realized  may  be  repeated. 

On  the  other  hand,  there  are  patienti  who  seem  to  pros[)cr  best  under 
steady,  imiiitcmi[)tcd  treatment. 

CoHilfinatwn  of  Methods  of  AppHcatien. — Comparatively  few  diseases 
are  to  be  treated  solely  by  any  one  method  of  application  ;  many  of  tlie 
purely  local  affections  ever  yield  better  lo  electricaj  procedure,  whco 
the  applications  are  varied,  than  when  one  mode  only  is  persistently 
used.  Both  currents,  galvanic  and  faradic,  may  be  tried  in  alternation 
or  succession,  and  both  the  direct  and  indirect  methods  may  be  em* 
ployed  at  the  same  silting  or  at  dilTerent  sittings.  In  all  diseases  where 
the  whole  system  is  involved,  the  method  of  application  may  be  yet 
mere  varied.  Cicneral  firadi/aliun  and  central  galvanization  miiy  be 
used  alternately,  and  tJie  alternation  may  be  by  the  day  or  week. 
These  methods  may  be  varied  witli  galvanisation  of  the  brain  In  all 
directions,  galvanization  of  lli-  jMienmogaslric  and  sympathetic  and  ol 
rhe  spine.  lu  some  diseases,  as  notably  in  tliosc  whore  central  Ie> 
sions  are  accuniiianied  by  peripheral  injury  and  general  exhaustion,  as 
hemiplegia,  ataxia,  and  so  forth,  all  the  methods  of  application  may 
be  used,  including  faradization  with  the  wire  brubh.  We  observe  not 
imfrequently  that  after  one  method  of  electrization  has  dotic  all  that 
it  is  capable  of  doing,  after  it  seems  to  have  lost  its  power,  anotliet  fl 
method  of  clcctriitatiun,  or  a  mere  modification  of  a  method,  may  pu&li 
Che  improvement  yet  further,  until  it  in  time  loses  its  force  and  the  fresb 
stimulus  of  another  method  is  required. 

In  this  respect  the  behavior  of  electricity  is  m  i>o  way  peculiar ;  to 
sll  powerful  remedies  Ihc  system  in  time  becomes  so  accuslonted,  as  to 
tolerate  them  without  appreciating  their  remedial  influence.  Itt  the 
adiiiinistraiior.  of  ionics  in  cases  of  debility,  and  of  astringents  in  cases 
of  chronic  diarrhoea,  a  necessity  for  freqiient  change  of  remedy  ii 
generally  recognized. 

How  to  Judge  of  the  Effects  of  Ehctrieal  Treatment. — It  is  of  the  fir« 
in))}urtance  for  the  electro- therapeutist  to  have  a  clear,  just  and  sj-s 
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tematic  method  of  determining  the  effects  of  electricity,  both  good  and 
«viL  Much  of  tlic  difTcrcncc  of  opinion  that  prevails  among  those 
who  use  electricity,  as  to  its  general  and  special  value,  and  much  of  the 
prejudice  ih.il  exists  agiiust  electro-therapeutics  is  the  result  of  a  want 
^  a  knowledge  of  the  tests  by  which  the  action  of  electricity  on  patients 
ii  to  be  determined. 

When  we  give  opium,  we  know  very  soon  whether  it  relieves  i>aiii 
«nd  produces  sleep,  or,  as  not  unfrcq,uctiily  happens,  has  eifccts  pre- 
cisely opiioaite.  We  learn  to  judge  without  great  difficulty  whether  tlie 
chloral  and  quinine  are  doing  tlie  work  that  we  desire.  With  stimulants 
Aad  tonics,  as  used  in  th«  chronic  affections,  greater  difficulty  is  ex- 
perienced, but  there  are  certain  tests  which  we  study  and  look  for  and 
by  which  we  are  guided.  The  effects  of  electricity  should  be  similarly 
studied. 

The  gofd  effects  of  electrization  are  in  general  as  follows  : 
I-  RelieJ  cj  Pain  and  Disagreeable  Sensations  heal  and  general.— ^ 
This  relief  may  appear  shortly  aflcr  the  application  is  commenced, 
after  it  has  been  continued  for  some  minutes,  or  at  its  close.  Jn  some 
cases  there  is  no  relief  during  or  immediately  after  the  sitring,  bu*. 
several  hours  subsequcnlly.  We  include  painful  sensations  of  every 
kind — the  vague  wandering  jiains  of  neurasthenia  and  h)itcria,  the 
hurntng  of  indammation  as  well  as  real  neuralgia. 

2.  Improvement  in  the  Pulse. — Where  the  pulse  is  abnormally  slow 
il  may  be  quickened  both  during  and  for  some  time  after  the  iulting. 
^Vhere  it  is  abnormally  rapid  it  may  be  lowcreil.  The  pulse,  there- 
fore, may  be  a  guide  in  the  administration  of  electricity,  as  it  is  a  guii^e 
in  the  admin islrat ion  of  alcohol  and  various  other  forms  of  stimulants 
and  loru'cs.  Jf  the  quiet  pulse  is  made  much  quicker  and  so  remains 
for  some  time,  we  may  suspect  that  the  a|)|>licalfon  has  been  too 
strong  or  too  long. 

3.  Improvement  in  the  Temperature  a/  the  Body,  or  cf  the  part  whieh  is 
treated. — Parts  that  arc  abnormally  warm  arc  cooled,  or  as  is  more  fre- 
qnently  the  case,  parts  that  are  abnormally  cold  are  warmed,  during  and 
6ul>»-(]uent  to  the  operation.  The  temperature  may  be  tested  by  the 
sensations  of  the  patient,  by  the  touch  of  the  operator,  or  bj  the  ther 
momeler. 

4.  General  calming  htfiuence  and  Disposition  to  Sleep. — Nervousn^^st 
is  allayed,  just  after  taking  wine,  or  food,  or  a  bath,  or  a  drive  by  the 
•ea.  The  dis[M)si[ion  to  sleep  comes  on  usually  after  the  application, 
in  rare  cases  during  the  sitting,  especially  when  the  head  or  neck  is 
galvanized. 
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5.  Mental  Exhilaration. — The  effect  of  sea-batUtng,  or  the  Enhalatlon 
of  oxygen,  is  to  exhilarate  in  a  way  that  de&cs  minute  analysis.  The. 
effect  of  electrization  is  similar.  This  effect  is  seen  more  strikingly 
in  hysteria  and  hypochdndriasis. 

6.  facrease  ef  Appetite  and  Improvement  in  Disestion. — Ir.  some 
instances  the  appeiitc  is  sharpened  by  a  single  sitting;  the  penitanent 
iiuprovement  is,  of  course,  a  slower  effect,  and  is  only  observed  after  a 
number  of  applications. 

7.  Improvement  in  Local  and  General  Nutrition. — To  accomplish 
improvement  in  nutrition  is  the  great  object  nf  electrical  treat- 
ment. The  relief  of  pain  and  of  other  special  symptoms,  during 
a  sitting,  may  justly  be  regarded  as  results  and  accompaniments  oi 
improvement  in  nutrition.  At  a  later  stage  of  a  course  of  treamient, 
the  improvement  in  nutrition  may  be  seen  and  studied  by  the  senses. 
Imj^roveitient  in  local  nuTrilion  is  produced  by  local  electrization,  im> 
provement  in  general  nutrition  is  produced  by  general  or  central  elec- 
trization. Peripheral  local  electrization,  may,  however,  rcllcxly  pro- 
duce improvement  in  general  nutrition,  particularly  when  prominent 
organs,  as  the  uttrrus,  the  stomach,  and  liver,  are  treated. 

'i'he  evil  effects  of  electrization,  by  the  occurrence  of  which  we  may 
suspect  that  the  applications  are  too  strong  or  too  long,  or  improperly 
given,  or  tliat  wrung  iiiciIkhIs  :ire  tiscd,  or  th.it  the  temperament  and 
disease  of  the  patient  contra-indicatc  electricity,  are,  in  general,  as 
follows : 

1.  Headache  and  Backache. — Sudden  shocks,  or  intcmiplions  of  the 
current,  may  cause  moiiientary  headache  that  passes  away  as  quickly 
as  it  came.  When  the  headache  persists  for  a  considerable  time,  one 
may  know  that  there  has  been  somewhere  a  mistake  in  the  applica- 
tion.    Backache  follows  as  a  rule  only  general  or  central  treatmenL 

2.  Irritability  and  Insomnia. — Patients  may  feel  nervous,  irritable, 
and  indefinably  disagreeable  afier  an  application,  and  the  sleep  the 
following  night  may  be  less  sound  and  more  disturbed  by  dreams  than 
usual.     These  are  evil  effects,  and  are  to  be  guarded  against. 

3.  Gemral  Malaise. — This  syrapioui,  winch  is  the  reverse  of  the 
exhilarati  m  spoken  of  among  the  good  effects,  appears  not  unfrequently 
after  an  over-dose,  especially  of  general  faradization.  It  sometimes 
though  less  frequently,  follows  central  galvanization,  and  there  is  no 
form  of  local  electrization,  central  or  pert]>heral,  that  niay  not  in  sonic 
^ni|>erament5  and  conditions  give  rise  to  it. 

4.  Excitation  or  Pain,  or  Increase  of  Pain  already  existing.— 
Neuralgia  is  sometimes  increased  on  the  application  of  the  current,  and 
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parQcuhrly  when  the  currents  are  strong  and  imemiptioos  are  nt&de. 
A  harsh  anil  rough  faratllc  current,  even  when  mild,  maj  aggravate 
potn.  Sometimes  there  is  do  effect  during  or  inimediaicl}'  folloMing 
tht  seance ;  but  io  the  course  of  a  few  hours,  the  pain  is  excited  oi 
■iSgnvated. 

Similarly  the  pains  that  accompany  malignant  timiors  may  be  excited 
when  electricity  is  appHed  during  an  interval,  or  they  may  be  increased 
if  treated  during  iJie  paroxysm. 

5.  Qffr-.Extiied  Pulse. — The  pulse  may  indicate  whether  the  appli- 
cation has  done  good  or  harm,  with  some  considerable  certainty,  pro- 
vided the  operator  is  suHiciently  familiar  with  the  nurmal  pulse  of  the 
patient.     This  familiarity  can  only  come  from  previous  acquaintance. 
■A  stranger,   seeing  a  patient  for  the  first    time,  and  treating  him  by 
electricity,  is  quite  likely  to  be  deceived.     The  pulse  may  be  over-excited 
\>y  the  mere  coming  In  of  a  new  physician,  or  by  the  thought  or  dread 
of  electricity.     Thus  the  value  of  the  putse  as  a  means  of  detennining 
the  degree  of  the  ill  effects  of  an  application  is  much  diminished.     As  a 
test  of  the  good  effects  of  electricity,  it  is  much  more  worthy  of  trust. 

6.  Chilliness  and  other  N<rv0us  Sensatii/ns. — An  application  which  has 
t»ecn  made  injuditioiisly  may  Ik  followed  ahnost  immediatly  by  a  feeling 
c^f  chilUnc^s.  as  though  the  patient  had  taken  cold,  'i'hcrc  may  be  also 
^stiffness  of  the  neck,  and  pain  on  turning  the  back,  as  though  the 
patient  were  rheumatic,  and  heat  and  burning  in  the  spine,  and  crawling, 

creeping,  pricking,  iitinging,  sensations  in  tlie  face,  down  tlie  back,  and 

«n  the  limbs  and  other  parts  of  tlic  body. 

These  sensations  are  not  due  to  a  cold,  as  is  sometimes  supposed,— 
for,  except  through  gross  carelessness,  patients  do  not  take  cold  during 
an  application  of  electricity, — but  they  are  merely  nervous  sensations,  of 
an  hysterical  character,  precisely  like  the  symptoms  described  under 
hysteria  and  allied  affections,  and  are  due  to  over.irritation  of  the  spinal 
Kird,and  iierhaps  aUooflhe  sympathetic  They  more  frequently  follow 
brudi/ation  than  galvanization,  especially  uhcii  a  hard,  rough,  unpleasant 
current  is  used,  lliey  appear  only  in  the  exhausted  and  neurasthe- 
nic, and  most  frequently  in  women. 

7.  A  ftelia^e/  Serenas,  Stiffness,  and  a  dull  Aehing. — These  Mnsfr 
lions  arc  tloscly  allied  to  tliosc  dL-scrilicd  in  the  preceding  paragraph  : — 
they  ait  the  result  of  over  irritation  of  the  nerve-centre;  the  soreness 
that  is  fell  in  the  muscles  after  severe  faradisation  is  some»  iiat  like  thai 
which  is  experienced  after  violent  exercise  in  the  gj-mnasiutn,  on  skatcf 
Or  on  horseback. 

The  dull,  aching  pain  llu'ough  the  whole  body  is  like  the  sensatioii 
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that  is  experienced  after  taking  cold.     It  is  a  purely  nervous  sensation 
an'l  is  caused  by  over-irritation  of  the  spinal  cord.  One  patient  whom  we 
treated  for  an  exhausted  and  trrilahle  condition  of  the  cord,  resulting 
from  cerebro-spinal  fever,  persisted  that  every  application  cau;^  him 
10  •*  lake  cold." 

8.  Frofust  Perspiration. — Gentle  perspiration  is  one  of  the  good  effects 
of  eleciri«aiion  ;  it  is  observed  botli  after  general  and  local  crcatmeni. 
Kut  profuse  perspiration  of  any  part,  as  the  head,  or  one  of  the  limbs, 
or  of  one  side  of  the  body,  or  of  the  whole  body,  occurring  during  a 
sfeiiicf,  or  directly  following  it,  is  a  bad  symptom,  and  indicates  over- 
irritation.  In  some  hyper-sensitive  conditions  profuse  perspiraiior 
may  appear  under  a  very  mild  current,  and  at  the  outset  of  the  appli- 
cation.  We  have  known  a  paralyzed  arm  in  hemiplegia  break  out  with 
abundant  perspiration.  In  cases  of  cerebral  and  spinal  irritation  we 
have  known  the  forehead  and  the  hands  to  perspire  freely  during 
the  application.  Some  constitutions  are  specially  impressible  in  this 
rcg.ird.  We  once  treated  a  case  of  paralysis  of  the  bladder  by  external 
galvanization  ;  the  patient  was  of  the  average  strength  and  health,  but  in 
less  than  live  minutes  his  whole  body  was  as  freely  perspiring  as  in  the 
hotCMt  summer  d.iy.  Nausea  and  faintness  also  came  on  and  stopped 
the  application. 

g.  Prolonged  Reariion  of  the  Nirves  of  Special  ScHst. — In  the  section 
devoted  to  Electro- Physiology,  we  have  seen  that  the  nerves  of  special 
sense,  the  auditory,  the  olfactory,  the  ophthalmic  and  the  gustatory 
nerves,  all  have  their  special  and  peculiar  reactions  to  electricity. 
These  reactions  are  normal  and  physiological,  but  in  degree  and  variety 
they  are  greatly  influenced  by  temperament.  These  reactions  arc,  on 
the  part  of  the  auditory  nerve,  hissing,  nishing,  boiling,  seething  sounds  ; 
on  the  part  of  the  ophthalmic  ner%'e  and  retina,  flashes  of  light ;  on  the  part 
of  the  olfactory  nerve,  under  a  powerful  and  piinful  current,  [leculiar 
phosphoric  or  ozonic  odor  ;  on  the  part  of  Ihc  gustatory  nerve,  an  acid 
or  coppery  taste.  For  the  great  majority  of  temperaments  in  health  or 
di.sease,  these  reactions  disappear  with  the  cessation  of  the  application  ; 
but  where  Ihcre  is  special  susceptibility  to  the  electricity,  or  when  very 
severe  or  prolonged  applications  have  been  made,  some  of  these  reactions 
maj-  continue  for  hours  or  davs.  Thus  we  have  known  patients  Ic 
Complain  of  the  peculiar  taste  in  the  mouth  two  or  tiiree  ilays  after  an 
application.  The  buzzing  in  the  ears  also  doet  not  always  stop  when 
the  current  is  opened,  prolonged  flashes  before  the  eyes  are  sometimes 
R'jticed,  though  but  rarely.  Prolonged  reaction  of  the  olfactory  nerve 
we  have  never  observed. 
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We  call  these  prolonged  reactions  evil  effects,  because  they  appeal 
in  very  susceptible  )>aiients,  or  after  careless  procedures,  and  are  usu- 
ally accoin|>anied  by  other  effects  that  are  unmistakably  evil 

Disturbances  0/  the  Nerves  0/  Mothn  and  Common  Sensation. — Undo 
this  head  we  inchicJc  h)i)crn:sthcsia,  general  or  local,  that  an  overdose  of 
electrization  sometimes  produces  in  nervous  and  hysterical  patients,  ot 
the  opposite  condition  of  ana:sthesia  and  muscular  spasm^  coinraction« 
and  rigidity.  These  phenomena  arc  not  frequent,  but  in  rare  instances 
they  have  been  observed )  muscular  spasm,  where  it  ah'eady  exists,  may 
be  aggravated  temporarily  by  electricity. 

Hygiene  0/ Patients  of ter  the  Applications.— Vz.'^^v\\%  who  are  strong, 
and  arc  treated  fur  purely  local  troubles,  ]iiay  be  entirely  indifferent  in 
regard  to  their  behavior  after  electrical  applications ;  they  may  exercise 
brain  or  muscle,  or  remain  idle,  as  may  be  convenient,  and  the  improve. 
ment  under  the  treatment  will  go  on  just  the  same.  Uut  delicate 
patients  who  arc  treated  for  grave  conditions  of  debility,  and  especially 
females,  do  better  to  avoid  exertion  after  an  application  :  better  for  then 
to  sit  awhile,  or  rest  on  a  lounge,  and  tf  they  are  treated  in  bed  to 
remain  there  ;  and  this,  we  believe,  is  another  advantage  in  treating  such 
cases  just  after  retiring. 

If  any  fancy  they  take  cold  as  a  result  of  an  application,  it  is  a  ptve 
^incy,  or  it  is  the  nervous  chill  that  sometimes  follows  over-electmatioo, 
nr  it  is  the  result  of  cxpONnre  in  a  cold  roum  while  iimlrcs^ing. 

Cumulative  action  9/  Electricity. — It  sometimes  happens  in  the  treat- 
ment of  a  painful  and  tender  nerve,  that  a  suddi-n  shock  is  felt,  aAcr 
the  electrodes  have  been  a  long  time  in  position,  even  when  the  current 
is  very  mild  and  is  scarcely  fell  on  the  sitrfacc. 

A  medical  friend,  who  by  our  suggestion  treated  a  case  of  ulcer  of 
the  stomach  by  the  galvanic  current,  informed  us  that  a  very  mild 
current  from  a  few  zinc  carbon  cells,  which  gave  no  burning  sensation 
on  the  surface  whatever,  would,  after  tlie  electrodes  had  been  kept  In 
position  a  few  minutes,  one  on  the  epigastric,  and  the  other  on  the 
back,  cause  all  of  a  sudden  and  without  any  warning  a  i>ainful  shock, 
as  though  a  strong  current  hail  been  suddenly  interrupted  in  the 
metallic  part  of  the  circuit.  This  phenomenon  occurred  so  often  thai 
he  abandoned  the  treatment. 

^Ve  have  occasionally  made  tlie  same  observation  on  other  parts  of  the 
body.  Thus,  in  a  case  of  sciatica  that  we  were  treating  by  the  galvanic 
oirrcnt — one  pole  on  the  course  of  the  nerve  below  the  trochanter, 
and  the  other  on  the  back — only  a  very  slight  sensation  was  felt  foi 
two  or  three  minutes,  when  all  at  once  the  patient  gave  a  jump  u 
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though  shocked  by  a  powerful  current.  A  number  of  times  during  the 
seance  the  experiment  was  repeated.  Every  pains  was  taken  to  avoid 
error  by  assuring  ourselves  thai  the  current  was  actually  running  all  the 
time,  and  that  there  v*as  no  actual  interruption. 

This  cuinuUlivc  action,  if  wc  may  call  it  such — woiili)  seem  to  be 
somewhat  analogous  to  the  cumulative  action, of  strychnine  and  some 
other  remedies.  'I'he  rationale  of  it  is  in  the  preaeni  state  of  our 
knou'tc<lge  hard  to  determine.  It  may  bo  that  as  the  skin  becomes 
more  and  more  iiiui:»teiivd,  its  conductivity  so  increases  tliat  a  jwrtion 
of  the  nerve  is  traversed  by  tlie  current  which  at  first  was  not  touched, 
and  that  this  physicd  explanation  is  sufficient.  It  may  be  that  tht 
nerve,  already  in  an  irritable  condition,  may  have  its  irritability  so 
(Ideally  increase<t,  that  it  develops  it  suddenly  under  continued  though 
luild  slininlation.  Wc  have,  as  yet,  no  evidence  that  such  shocks  are 
specially  harmfu],  aliliough  ihcy  are  unpleasant  and  sianUng.  They 
can  be  avoided  as  a  rule  by  sliifting  the  electrodes  every  moment,  so 
as  to  avoid  a  long  Irritation  of  any  one  spot. 

Intreastd  Toleration  of  EUctricUj. — The  system  can  become 
habituated  to  electricity  just  as  it  becomes  habituated  to  alcohol,  or 
opium,  or  any  other  potent  remedy.  After  a  long  course  of  treat- 
ment, extending  over  several  months,  nearly  alt  patients  bear  very 
much  longer  and  strouger  applications  than  at  first.  This  is  observed 
in  tliose  whose  sensitiveness  to  electricity  is  at  first  extreme.  It  is 
not  therefore  necessarily  a  discouraging  fact  if  at  the  outset  of  a 
course  of  treatment  very  gentle  currents  and  very  short  sittings  are 
required. 

The  Temperament^  as  well  as  the  Disease,  to  be  eonsidered  in  listng 
Eleetrieity. — There  arc  individuals  whom  electricity  alw.ij-s  injures,  the 
only  difference  in  the  effect  on  them  between  a  mild  and  a  severe 
application  being,  that  the  former  injures  less  than  the  latter.  There 
are  patients  upon  whom  all  elect  rot  he  rai>cutical  skill  and  exi>erience 
ire  wa?.tt:<l ;  their  icmperainenls  are  not  en  rapport  with  electricily. 

It  maitori  not  what  may  be  the  special  disease  or  symptoms  of 
disease  from  which  they  suffer — jmralysis,  or  neuralgia,  or  neurasthenia, 
or  hysteria,  or  afiections  of  special  organs — the  immediate  and  the  |>er 
manent  effects  of  galvanization  or  faradizatinn,  general  or  localt^cil 
Are  evil  and  only  evil  We  have  not  arrived  at  this  ojiinion  by  iheonznij; ; 
we  have  been  driven  to  it  by  the  accumulating  and  incsisttblc  logic 
iif  facts.  The  first  query  lliat  arises,  to  the  mind  of  the  electro  thcra- 
licutist,  xvhen  a  case  under  his  care  rcs])onds  badly,  is,  "  Am  I  rightly 
using  this  remedy ;   am  t  making  the  application  too  long  or  too 
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Hvi^,  or  by  improper  mcdiods?    Would  a  change  of  current  be  de- 
sirable?"    Bttt  after  we  have  tried  all  eleclricaJ  appHcalions  ;  after  we 
have  gone  from  galvanism  to  faradism,  from  general  to  localized  elcc- 
Iriiation,  from  long  and  severe  to  short  and  gentle  treatments ;  after  we 
Ituve  rang  the  changes  on  all   these,  and  yet   persistently  aggravate 
nuher  than  mollify  the  disease,  and  instead  of  strength  and  relief,  |>ro- 
liiice  weakness  and  distress,  and  instead  of  calnmess  cause  irrliaiion, — 
(lieD  we  have  only  to  make  as  graceful  a  retreat  as  ])0&5ible,  and  put 
Out  patient  down  as  a  case  that  was  not  bom  to  be  treated  by  ek-c- 
tiidty.     We  have  no  explanation  to  offer  of  the  phenc^nienon  ;  and  the 
I>o|)ular  belief  or  supposition,  that  the  excess  or  deficiency  of  animal 
electricity  has  something  to  do  with  Uiese  matters,  is  as  undemonsirable 
^  it  is  plausible ;  he  who  should  attempt  to  prove  or  disprove  tt  wonld 
*n<3  he  liad  undertaken  anything  but  an  easy  task.      It  would  seem  to 
'^'^Hie  in  the  list  of  those  strange  but  familiar  likes  and  dislikes  in  regard 
'*<^  certain  articles  of  food  or  drink,  or  of  certain  sights  or  odors.     We 
^'iow  of  no  physiognomical  or  rather  external  ap|>earances  by  which 
.  ^   determine  whether  a  i>atient  docs  or  docs  not  belong  to  the  unfor- 

^B  *~*  >iate  few  who  can  have  no  lot  or  sliare  in  electro- therapeutics.  The 
^B'^^v^onge&t  equally  with  the  weakest,  the  plethoiic  and  the  enervated, 
^B^*"*  found  among  these  Gentiles  of  science. 

'  TIic  reverse  proposition,  that   there   are  certain    constitutions  for 

^^^  liich,  by  whatever  form  of  dironic  disease  they  may  be  afflicted,  elec- 

^  *-icily  i«  always  indicated,  is  equally  true.     There  arc  patients  who 

*"^  nd  in  eleclrital  treatment  almost  a  specific.     Whether  they  suffer  from 

^"Xj-5pcpsia  or  nfurastlienia,  from  hysteria  or  diseases  of  special  organs, 

^"'heuroatisra  or  neuralgi.!,  electrisation  always  relieves  them  up  to  a 

■^icrtain  point,  at  least,  if  it  does  not  |Jositivcly  cure.     TAe  broad  fact  to 

^e  unJerslood  is,  tkai  it  is  net  to  much  the  disease  or  the  sy/nft^mSt  as 

•9Jir  trmperameni  thai  indicates  or  eontraindicates  eiectrisaiion. 

^Vhilc  some  chronic  diseases  arc  more  amenable  to  electricity  than 

■others,  among  all  patients  there  arc  individuals  to  whom  it  is  a  matter 

of  indifference  what  special  affection  they  may  suffer  from  ;  so  long  as 

improvement  in  local  and  general  nutrition  is  indicated,  they  will  be 

bcneBtetl  by  electrical  treatment. 

To  all  thii  it  sliould  be  added  that  some  persons  are  indifferent  to 

electricity — they  can  bear  almost  any  strength  of  cither  current   very 

Irequenily  and  for  long  applications,  without  experiencing  any  effect 

lither  good  or  evil.     Electricity  may  be  poured  over  them  in  liriiitlesi 

leasures ;  ihcy  may  be  saturated  with  it,  and  they  may  come  out  from 

applications  not  a  whit  better  or  worse.     Patients  who  are  quite 
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delicate  and  sensitive  exliiliil  this  supreme  and  provoking  indiflTerAice 
to  electricity.  Wc  are  inclined  to  believe  also  that  |>atient5  vary  in 
their  sttsefpiibitity  to  electricity  at  different  times  of  life.  StiMieptibility 
to  stimulants  and  narcotics  ofteniiiucs  undergoes  strange  inodtAcalions 
during  l)ie  lifc^time  of  an  individual.  Those  who  at  one  time  cannot 
drink  coffee,  sometimes  find  that  a  few  years  so  nicKiify  the  teniperii- 
nient  that  they  can  drink  ii  with  absolute  freedoiii,  and  vice  versa. 
Similarly,  also,  alcoholic  liquors  act  in  a  most  ca|»ricioiis  way,  some- 
times  benefiting,  at  other  times  injuring  even  when  nearly  all  (he  other 
conditions  except  age  arc  the  same.  Idiosyncrasies  in  regard  to  cer- 
tain articles  of  food  arc  by  no  means  constant  through  life — they  may 
change  either  way,  and  that  too  in  tlie  course  of  a  few  years ;  they 
may  be  modified  by  febrile  or  other  diseases  that  revolntionitc  the 
system,  or  by  residence  in  various  climates,  or  by  mere  t.i|jsc  of  years. 
Analogy  would  lead  us  to  suppose  that  susceptibility  to  electricity  might 
also  be  thus  mutliBedr  and  our  observations  seem  to  convince  us  tliat 
such  is  tile  case. 

Wc  arc  further  inclined  to  believe  that  susceptibility  to  electricity, 
favorable  and  iiiifavorable,  like  all  other  constitutional  tendencies,  is 
subject  to  the  laws  of  hereditary  descent,  and  runs  in  families.  We 
have  treated  by  electricity  three  members  of  the  family  of  a  |>hysidan, 
who  are  afflicicd  tt-ith  cjtiite  diverse  maladies,  but  all  of  whom  not  only 
improved  under  the  treatineiil,  but  can  be  electrized  with  grc.it  freedom 
by  cither  current ;  and  yet  none  of  them  ore  strong,  and  two  of  diem 
irc  delicate. 

On  the  other  hand,  we  have  treated  families  where  several  of  the 
inembers  arc  so  susceptible  to  the  electric  current  that  the  application 
must  be  made  with  great  care  lest  unpleasant  results  occur.  We  are  fullv 
convinced  also  that  the  proiiortion  of  those  who  do  not  bear  electricity 
well  is  larger  among  tie  higher  tlian  among  the  lower  classes;  in 
hospital  and  dispensary  practice,  the  number  of  patients  who  exhibit 
excessive  suaceptibility  to  the  electric  treatment  is  quite  limited,  whereas 
in  private  practice,  among  the  intellectual  classes,  one  out  of  five  or 
Icn,  lake  the  cases  as  they  run,  must  be  treatcil  wilh  very  considerable 
caution,  lest  disagreeable  symptoms  arise. 

Relation  of  EUctf  t-susceptivity  to  Prognosis. — Between  electro-susccp- 
dvity  and  prognosis  there  wmdd  appear  to  be  no  conhiant  relalit  n.  One 
patient  may  be  extrcini-ly  sii!*ccptible  to  electricity,  and  anothe:  capable 
nf  bearing  it  in  large  doses,  and  both  shall  be  benefited.  If  there  be 
Huy  law  in  the  matter  it  is  this,  that  those  who  occupy  the  medium 
ground,  who  are  neither  s]>ecially  sensitive  nor  the  reverse — offer  ibt 
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bes(  prognosis  under  electrical  treatment.  It  is  equally  sure,  however) 
(hat  ihosc  who  are  exceedingly  sensitive  niay  become  so  tolerant  of 
tlic  remedy  as  lo  derive  great  benefit  from  it.  For  litis  reason  we 
Utoiilc]  not  be  disco iiraged,  even  by  extreme  cicctro-scnsibitity  ur 
tlcctro  susceptibility  in  our  patients. 

The  roost  provoking  class  are  iliose  who  c;irnot  be  iiifliitrnce<t  in  any 
vny  by  electricity,  but  who  can  even  from  the  very  first  receive  it 
in  enorinou!>  doses  without  showing  or  feeling  any  good  or  evil  effect, 
aivd  yet  even  such  cases  may  by  protmrrcd  treatment  be  benefited. 

Regard  for  Age. — In  the  ap|>ortioning  of  the  dose  of  electricity  the 

only  general  rule  to  be  considered  is,  that  the  extremes  of  life — the 

"try  young  and  the  very  old — demand  rather  more  caution  than  those 

in  yimih   and  middle  life.      It  is  not  however  necessary  to  divide  the 

Joses  of  electricity  for  infants  and  children,  as  we  dii-ide  the  doses  of 

Ordinary  medicines ;  children  from  three  yca.rs  down    I o  three  months 

and  even  younger  may  be  treated  by  general  faradixaiion  and  central 

galvanization  almost  as  freely  as  adults.     On  iheorelicil  considerations, 

and  in  order  to  be  on  iIk  safe  side,  we  do  not  usually  treat  very  yonng 

<^tldren  ax  long,  or  with  a.<t  strong  currents   as  adults,  nor  quite  so 

CFcqiiently,  but  we  have  not  often  seem  any  especially  bad  results  from 

<iuite  prolungc<l  applications  provided  mild  currents  arc    used.     The 

rule  is  to  give  the  aver;ige  baby  alioul  half  as   much    treatment  z.s  the 

average  adult.     Children  cry  when  the  current  hurts  thcni,  and  this  to 

the  merciful  physician  ojierates  as  a  check  against  over -dosing  them. 

Very  old  patients  —  between  seventy  and  ninety— need  to  be 
treated  with  reasonable,  but  not  extreme  caution.  The  nioJerately 
igcd— J>etween  fifty  and  seventy— often  bear  electricity  better  than 
those  in  the  njore  active  period — lietween  twenty  and  fifty. 

Regard f fir  Sex. — As  a  rule  females  are  somewhat  ujore  susceptible  to 
electricity  than  males,  and  require  to  be  treated  witl:  greater  caution ;  not 
that  there  is  any  difference  of  susceplibiliiy  of  the  sexes,  luit  because  m 
civilization  woman  is  more  delicate  than  man,  and  more  readily  inlluenced 
for  good  or  evil,  by  all  remedies  and  systems  of  treatment.  Hut 
although  the  law  that  woman  is  more  impressible  than  man  holds  well 
oa  the  average,  yet  the  individual  exceji'tions  are  very  numerous. 
Some  women — even  those  who  arc  exquisitely  dclicatc^-can  bca:  enor- 
mous dusc>  of  clectriciiy,  white  some  men  who  arc  very  hardy  can  beai 
none  at  all.  The  rule  however,  Is  constant  enough  to  make  it 
advisable  always  to  begin  the  treatment  of  delicate  females  with  con- 
siderable caution. 

The  higher  susceptibility  of  women  to  eleclric;»l  influence,  makes 


353  CENERAI.  SUGCERTIOXS. 

them  yield  more  mpidly  than  men  to  the  treatment,  when  it  suits  the 
lemi^eraQtcnt  and  disease,  and  hence  it  is  that  many  of  ihe  most  dclijjhlful 
results  of  genentl  faradization  and  central  gatva nidation,  have  been 
fibtained  in  neurasthenic,  anemic,  hysterical  women. 

The  menstrual  peiiud  in  women  does  not  conlraindicate  electrical 
treatment  at  all.  but  on  considcr.ttions  of  delicacy  the  operations  of 
general  faraili/atiun  and  centrj.1  galvanization  cannot  well  be  pcrforined 
at  that  time.  Local  applications  to  the  periphery  can  be  maiie  without 
regard  to  the  menses. 

Jiej^aiti  /or  the  Mtihtfd  of  Application  ami  the  Skill  aj  the  Bltctrd- 
tlurapeutist. — It  is  not  electricity  in  the  abstract,  but  tlcttrizniicrt, — that 
is,  electricity  applied  to  the  body — that  cures  disease.  Everything,  there- 
fore, de[)end3  on  the  method  of  application.  Patients  frequently  say  thjt 
ihey  have  "  tried  electricity  "  and  it  did  no  good."  We  have  long  wnce 
ceased  to  pay  any  liced  to  such  statements,  or  (o  allow  them  ro  intlu* 
ence  our  prognosis,  tmle&s  it  is  expressly  stated  who  gave  the  elcciriral 
treatment,  what  methods  were  employed,  and  how  faithfully  the  treat* 
mcnt  was  carried  out.  Some  of  the  best  successes  wc  have  are  gained 
with  patients  who  have  "tried  electncily"  and  found  it  wonting. 
What  should  wc  think  of  a  patient  afflicted  with  a  broken  leg  wlio 
slioiikl  say  that  he  had  "tried  surgery,"  and  it  had  failed  to  set  the 
bone  ?  Would  we  not  ask,  "  What  surgeon  ?  Was  he  a  pretender,  or  a 
man  of  science?  And  did  he  have  a  fair  chance?"  1 1  is  possible,  even 
if  good  treatment  at  (he  hands  of  good  men  failed  some  time  ago,  that 
the  conditions  may  now  be  so  altered  that  the  same  or  difTerent  treat- 
ment will  be  sucressfuL 

It  is  not  the  remedy,  it  is  the  manner  of  using  it  that  determines  its 
value.  There  is  as  much  difference  in  electro-thcraiieutists  as  there  is 
m  general  Mirgeons,  ophthalmolologists,  or  aurists,  or  gynecologists,  or 
obstetricians.  In  the  ranks  of  those  who  use  batieries  are  all  grades  of 
genius,  and  lack  of  genius,  especially  the  latter.  In  elect ro-th era peu- 
tics  three  currents  are  used,  and  many  dififereni  methods  of  application* 
and  these  methods  are  all  capable  of  indefinite  variations,  dc[jendenl 
on  the  taste,  skill  or  jexperience  of  the  electro-therapeutist.  \Vhen  one 
mede  of  application  fails,  another  may  succeed;  when  one  electro, 
therapeuliiit  fails  with  any  mode  of  application,  anottier  with  the  same 
mode  of  application  may  (Succeed.  And  yet,  patients  with  some 
obscure  disease,  that  ret-iitircs  the  best  diagnostic  as  well  as  therapeutic 
skin,  who  have  had,  perhaps,  half  a  dozen  applications  of  the  magneto- 
electric  or  rotary  machines,  at  die  hands  of  some  stupid  servant-girt, 
declare  that  they  have  "  tried  electricity."    As  well  might  a  sailoi 


DIFFEKENTIAL   PROGNOSIS. 


253 


whose  brulccn  bone  iiad  been  badly  set  at  sea  by  a  comrade  before  the 
mast,  d«cl.u-e  llut  he  had  '■  tried  surgery." 

The  Differnitial  J^rogncsis  of  A<(idental  and  Jfireditary  Disease, 
vndcr  Electrical  Trealment. — The  prognosis  of  any  case  under  electrical 
Ireatmeoi  drpends  more  on  the  time  that  the  disease  has  been  existing 
Ihui  on  the  nature  of  the  disease  itself.     Very  grave  and  severe  synip- 
loins  of  the  uioj.t  ttireatening  diaraclcryifUl  i]roiii|ii!y,  wht-ii  they  are 
recent,  and,  so  to  SL>cak,  aeddcntai,  while  mild  and  nameless  symptoms, 
'Iwt  appear  to  be  of  the  most  trifling  character,  u'hen  long  standing,  and 
PSi«cially  when  they  are  inherited,  niay  be  exceedingly  obatinate.     It 
becomes  therefore  of  the  first  importance  to  inquire  how  long  the  mor- 
bid syjiiptoniii,  or  other  symptoms  allied  to  them,  have  been  existing  in 
^^  patient,  before  making  a  prognosis.     This  principle  applies  to  all 
di^eaucs  fur  which  clci-tricity  is  employed.     It  is  illustrated  in  a  most 
•^Icnesling  manner  in  hysteria  and  allied  affections.     If  two  cases  pre- 
**ni  thcmscivea,  both  suffering  from  symptoms  of  hysteria  and  nenras- 
^■Hcnia,  but  in  one  case  the  symptoms  are  a  life-long  heritage,  while  in 
'*^e    other    they  have  arisen  recently,  and,  so  to  speak,  accidentally, 
*^»e  prognosis  in  the  latter  case  ts,  other  conditions  being  the  sarafj,  con- 
^squently  more  favorable.     Even  if  the  symptoms  in  the  recent  case  be 
>  f  a  severer  type,  the  prognosis  may  be  iDUch  better  ihan  in  Ihe  inhcr- 
%ed  case.     On  this  account  it  becomes  iiecesbary  to  inquire  \vith  dili- 
eiice,  and  repeatedly,  of  the   paiienls  and  of  their  friends,  in  order  to 
c  whether  any  allietl  symptom*  have  been  their  portion  through  life, 
A  whether  the  special  disturbances  for  which  they  require  treatment 
sare  simply  branches  of  a  great  tree  of  disease  thai  lias  giown  up  in  them 
Cront  the  moment  of  their  inception. 

When,  for  example,  a  [latient  appears  with  sciatica,  or  tic-douloureux, 
it  Is  not  enough  to  learn  how  long  that  particular  symptom  has  dis 
tressed  him  in  the  present  attack.  The  questions  to  be  asked  are : 
Has  he  ever  at  any  period  of  his  life  had  this  or  any  other  form  of 
neuralgia?  Is  he  of  the  nervous  diathesis?  Have  his  parents  or  any 
of  his  near  relations  suffered  from  neuralgia,  or  from  any  disease,  or 
symptomi  of  disease  that  are  allied  to  it  ?  On  the  answers  given  to  these 
queries  will  depend  our  probable  prognosis,  not  only  as  to  the  rapidity 
of  relief  under  electrical  treatment,  but  also  as  to  \i^  permanency. 

Inherited  diseases  are  inclined  lo  reUpse  :  the  syrniJiuni  may  give 
way,  apparently,  before  the  force  of  treatment,  but  may  reappear  a6 
"lasily  as  it  disappeared,  even  while  the  trealment  is  continued. 

AJter-Effecti  t>f  Electrical  Treatment.— iK  is  a  fact  well  recognized 
that  the  tonic  effects  of  a  trip  to  Europe,  or  to  the  mountains,  or  on 
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a  shot  I  vacation  anytvheie,  or  at  any  season,  are  frequently  but  little 
a|>|)rcciated  while  tlie  patient  is  travelling  or  recreating;  but  apjicar 
days,  weeks,  ant]  monlhs  subsequently.  A  debilitated  man  may  reccivt 
no  strength  ivhilc  on  the  ocean,  or  at  the  hotel,  or  farm>hoiise  in  the 
coiintr)',  may,  indeed,  seem  to  grow  weaker  instead  of  stronger,  and 
niny  become  disheartened  thereby,  but  on  his  return  to  his  duties,  health 
may  gradually.  perhai>s  imperceptibly,  come  to  him,  and  he  may  experi- 
ence a.  renovaiicn  and  a  recuperation  that  can  only  be  explained  as  the 
after  effects  of  his  vacation. 

It  i&,  perhaps,  not  no  well  recognized  that  tonic  remedies,  aud  systems 
of  Irealment  of  various  kinds,  may  act  just  in  the  same  way.  Not  onl)* 
the  evil  but  the  good  effects  of  medicines  maybe  cumulative.  We  may 
see  this  principle  illuatratcd  in  the  adtnini>>tratiun  uf  quinine,  strychnine, 
arsenic,  phogphoruji,  and  iron. 

Electricity  obeys  the  same  law,  and  in  certain  constitutions,  and  cer- 
tain slates  of  ilic  system,  especially  those  of  debility,  it  does  little  or 
nothing  that  the  patient  can  see  or  feel  during  the  treatment  itaelii-^ 
but  prejKires  the  way  for  a  perfect  and  permanent  recovery.  We  have 
seen  this  principle  illustrated  in  a  large  variety  of  cases  of  chronic  (Us- 
ease.  The  practical  lesson  that  we  are  to  derive  from  this  is  to  en- 
courage [taticnts  who  do  not  feel  fully  satisfied  with  tl>e  progress  tliat 
they  make  while  under  treatment,  to  watcli  closely,  if  possible,  tlieii 
career  long  after  treatment  is  abandoned. 

EUetntation  in  Us  Relaiiom  to  other  Forms  of  Treatment. — 'I'he  ques- 
tion, so  often  a^kcd,  wlu'thcr  electrical  trealmcnt  will  interfere  with 
internal  medication,  or  with  gymnastics,  the  Russian,  Turkish  or  other 
baths,  and  so  forth,  is  \qt'j  easily  answered.  It  harmonizes  with  all  uthct 
tonic  remedies,  and  methods  of  treatment  that  are  employed  for  the 
coimiion  purpose  kjX  relieving  pain,  or  building  up  broke n-tlunn  cunsli- 
ttiiions. 

Except  in  cases  where  we  wish  to  experiment  and  learn  the  t!ierapen< 
Ileal  value  af  electricity  by  itself  alone,  uncompliralcd  ivith  otiiei 
healing  factors,  it  is  a  positive  advantage  oftentimes  to  employ,  at  i!>e 
tame  time  «ith  electricity,  external  or  internal  medication  of  variou* 
kinds.  So  far  a5  we  now  know  there  is  no  medicine  that  is  incum 
palible  with  electricity.  There  is  no  evidence  that  any  remcfly  has  anv 
speci5c  iL'enforcin^  effect  U[ion  electricity,  such,  for  example,  .iscciiaio 
stimulants  have  on  hydrate  of  chloral.  Some  of  ihc  best  therapeutical 
re&ults  are  obtained  from  a  combination  of  electrical  with  olbei 
treatment. 

Oh  the  Use  cf  Electricity  by  the  Laity. — Even  at  this  advanced  si. 
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of  cicctro-thcrapeutics,  it  sceras  to  he  necessary  to  constatitly  wam  the 
(Nvre^Muii  against  iiidiscEUiiinately  intrusting  the  dutails  of  electrical 
a) ip lien t ions  to  tJic  nurses,  friends  of  patients,  and  the  patients  them 
selves.  Having  just  rescued  this  dep.irtnient  from  the  hands  of  ihe 
laity,  and  given  it  a  position  among  men  of  science,  it  seems  strange 
that  those  physicians  who  are  familiar  with  the  subject  should  even  now 
Use  their  influence  lo  return  it  to  the  people  at  whose  hands  it  for- 
meriy  suffered  so  much ;  to  restore  it  to  the  captivity  of  prejudice  ant" 
ignorance. 

Tiic  temptation  on  the  part  of  die  people  to  use  electricity  them- 
•elves,  and  on  the  part  of  the  profession  to  allow  them  to  do  so,  is  very 
Hrong.     The  majority  of  physicians  know  little  more  of  electro-thera- 
peutics tlun  their  patients.    Some  have  s.  theoretical,  but  not  a  practical 
»cquainiance  with  iL     Then  there  are  those  who  are  well  practised  in 
''»<  art,  but  are  loo  closely  occupied  to  employ  it.     They  have  no  ap- 
paratus, or  if  they  have  any  it  is  very  likely  out  of  order.      Perhaps  no 
*|jccialist  is  accessible,  or  the  patient  is,  or  is  siipixjsed  to  be,  too  poor 
*^  employ  one.     The  physician,  forgetting  that  it  is  not  electricity,  bnl 
Electrization  that  cures  disease,  forgetting  that  there  are  three  kinds  oi 
^electricity  in  common  use,  and  many  ditferent  methods  of  application, 
^avery  one  of  wliich  is  capable  of  various  modifications,  forgetting  that 
■^hcrc  are  certain  temperaments  that  will  not  bear  clcciriciry,  howe%'ei 
^iplied,  and    tlmt  there   are  otiier^  who   must  be  treated  at  first  with 
]great  skill  and  caution,  and  on  whom  the  currents  and  uicUiods  cm- 
ployed  must   be  studiously  varied  dttriug  a  course  of   treatment,   in 
short,  forgetting  that  electro-therapeutics,  considered  as  a  science  or  ao 
art,  is  n'ondjrfidly  complex  and  exacting,  orders  the  ]>atlent  to  "*  get  a 
iaffery  and  try  eltctricily." 

This  prescription  is  usually  carried  out  in  the  following  ntanner  :  An 
old  magneto-electric  machine  (rotary)  is  trumped  up  (irojii  some  neigh- 
bor's garret,  where,  after  having  failed  to  cure  any  member  of  the  family, 
It  has  been  mating  for  years.  If  the  patient  be  wealthy,  pcrliaps  a  rrew 
Gu'ailic  machine  is  ordered,  that  gives  a  harsh,  rough  current,  and  when 
ipplted,  drives  the  patient  to  despair.  The  frii;nds  of  the  |>atient  arc 
bored  with  Uie  request  of  the  patient  to  apply  electricity,  and  only  hull 
(io  their  duty  ;  consequently  the  patient  tries  to  make  the  application 
to  himself,  and,  of  necessity,  makes  awkward  work.  Pretty  soon  the 
metals  become  corroded,  and  the  current  ceases  to  How,  and  the  battery 
is  soon  consigned  to  the  closet  or  garret,  where  it  will  do  no  harm, 
and  probably  as  much  good  as  in  the  hands  of  the  patient. 
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This  picture  is  not  draura  from  fancy ;  tt  is  a  picture  of  genuine  and 
frequent  experience. 

Ai/brevial'wns  used  in  Eledro-Therapetitics. — U  Is  a  decldeil  con- 
venience and  saves  much  time  in  recording  cases,  in  giving  private 
instniciion,  in  public  lecturing,  and  in  conversation,  to  describe  elec- 
trical applications  by  abbreviations.  About  a  year  since  wc  devised 
the  Totlaning  abbreviations,  which  have  been  u&ed  with  satisfactioa  in 
giving  private  inslriictiun  and  in  conversation  witti  our  assistants  and 
Others  who  arc  fainitiar  w*ith  it,  and  in  records  of  cases  from  day  to  day. 
We  do  not  a<lopi  it  in  the  present  treatise,  for  the  reason  that  it  is  nut 
fet  ividely  known,  and  might  perplex  and  bewilder  die  reader  : 

l»  F.      Localized  farad izatinii. 

I..  G.  '*         galvanization. 

G.  F.     General  faradization. 

C<  G.     Central  galvanizjition. 

G.  R     Galvanization  of  the  brain. 

C.  C.  S.  '*  '•       synipalhetic. 

G.  S.  "  "       spine. 

E.     Klectrolysis. 

G.  C.   Gaivano  cautery. 

B.  P*    Bi-polar  faradisation. 
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Tif  Gah^ftu  C«r«/r/.  — The  more  thorougWy  one  studies  electro* 
Qrspeutics  in  all  its  relations,  medical  anil  surgical,  the  clearer  it 
^^comes  that  the  real  scicnti&c  basts  fcr  the  use  of  electricity  in 
^^^dicine  ami  surgery  is  fountl  in  electro- pliysics  more  tliaii  in  eleclro- 
'^■"■^ysiology.  The  rathnaU,  therefore,  of  the  various  methods  of 
^^cliitation,  of  electro-cauterization,  and  tiie  important  departmeot 
^^"W electrolysis,  can  be  satisfactorily  undcrstooj  only  by  those  who  have 
^S  Gasped  the  elenientary  principles  of  electro-physics — the  laws  of  re- 
^^  5siance  and  conductibiliiy,  and,  above  all,  the  law  of  Ohm.  Those 
^*^fhQ  have  been  once  well-grounded  in  these  laws  of  electro-physics, 
^^^^d  that  the  various  special  problems  that  arise,  whether  of  a  theo- 
^^^ticai  or  practical  character,  very  quickly  resolve  themselves.  In 
ttome  conditions  and  with  some  individual-t  the  difierence  in  result 
Tietween  a  very  genlle  and  short  application  and  a  very  strong  and 
protracted  one  is  nothing  more  nor  leas  than  the  difference  between 
igreeable  success  and  painful  failure,  while  in  other  con<littons  and 
with  other  individuals  the  difference  between  success  and  failure  is 
measured  by  the  difference  between  strong  and  short  applications  and 
mild  and  protracted  ones. 

There  arc  persons  who  must  be  treated  not  only  mildly,  but  at 
long  intervals:  and  there  are  persons  wiih  perhaps  the  same  maladies 
that  can  bear,  with  advantage,  powerful  and  frequent  applications; 
lo  distinguish  between  these  classes  and  the  various  gradations  that 
lie  between  the  extremes  of  tolerance  and  of  susceptibility  is  the 
first  duty,  and  oftentimes  the  hardest  study,  of  him  who  makes  much 
use  of  electricity  in  medicine.  To  state  in  definite  terms  liie  solulion 
of  the  problem  of  electric  dosage  as  it  relates  to  these  various  classes 
and  gradations  is  a  task  that  I  by  no  means  propose  to  undertake. 
TTic  ability  to  measure  with  the  utmost  nicely  Ihc  strength  of  the 
current  does  not  solve  the  problem. 
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Suchi  prcckiion  may  be  of  the  utmost  value  in  the  continued  treat- 
raent  of  any  given  case  of  neuralgia,  for  example,  but  llie  strength 
then  used  may  in  no  way  answer  for  the  next  case,  and,  therefore, 
recorded  statements  of  the  number  of  milliamp^res  used  in  different 
forms  of  nervous  disease  cspecialiy,  are  by  no  means  as  valuable  as 
one  might  be  led  to  believe. 

A  clear  appreciation  of  the  fact  that  the  human  system  reacts  lu 
no  drug  with  such  varying  susceptibility  as  to  electricity  is  one  of  the 
first  and  most  imponant  lessons  to  be  learned. 

When  we  come,  however,  to  the  department  of  clcctro-surgcrj"  as 
represented  by  electrolytic  action,  the  case  is  widely  different.  To 
produce  certain  local  effects  rc<iuircs  a  certain  definite  expendtlure 
uf  force,  and  the  question  of  idiosyncrasy  cannot  be  so  much  con- 
sidered, although  even  here  it  is  not  to  be  aliogcther  ignored. 

The  milliamp^  re  meter  (see  Fig.  65)  has  been  used  in  iherapcuiics 
only  a  comparatively  short  time,  but  for  many  years  nervous  as  well 
as  other  diseases  have  been  treated  by  electricity,  with  different  de- 
grees of  success,  according  to  the  individual  experience  and  skill  em- 
ployed in  its  use.  Personally,  althougli  acknowledging  the  great 
utilit)'  of  accurately  measuring  the  strength  of  the  current.  I  cannot 
claim  greater  success  in  the  treatment  cf  most  nervous  diMra^eSj  now 
that  the  railliampcTcmcter  is  employed  with  every  application,  than 
formerly  when  it  was  unknown,  and  this  exjierience  is  f  fancy,  com- 
mon to  all  tho:^c  who  have  through  years  of  work  Inicomc  practically 
familiar  with  the  roiitine  of  electro- therapeutical  treatment.  It  is, 
notwithstanding,  an  immense  convenience.  It  relieves  the  mind  of 
all  anxiety  in  regard  to  many  minor  details,  and  he  who  has  once 
tested  it  will  never  willingly  be  without  it.  To  the  tyro,  however.  I 
am  sure  that  it  is  a  necessity. 

Without  it  he  will  find  himself  working  entirely  in  the  dark,  and 
a  beginner  should  no  more  think  of  attempting  serious  work  without 
his  indicator  of  curient-strength,  than  he  sliould  administer  his  drugs 
without  his  ajiolhecary's  measure.  Anotlier  ajipliance  convenient  to 
have,  but  in  no  sense  essential,  is  the  rheostat,  the  utility  of  which  I 
will  lirielly  illustrate.  To-day,  for  example,  the  observer  notices  that 
the  current  from  a  given  number  of  cells  is  painfully  felt  by  the  pa- 
tient, while  to-morrow  ihc  same  strength  applied  to  the  same  ]  atient 
may  he  felt  but  slightly.  If  no  milliamp^remctcr  is  used,  the  mystery 
seems  very  great,  and  I  know  not  how  many  tiniea  I  liave  been  asked 
for  an  explanation. 
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If,  however,  the  current  is  measured  ihe  mysiery  is  solved,  for  it 
is  observet!  that  when  pain  fallows  the  application,  a  greater  number 
of  tnilHamp^res  is  regisiered  than  when  no  pain  h  produced. 

All  this  is  explained  by  the  fact  that  Hie  skin  \*arica  verj'  much  on 
different  <la,ys  am)  in  different  physical  conditions  as  to  its  conduct)' 
viiy. 

Now  if  on  one  day,  in  an  application  to  a  patient  of  a  current 
from  thirty  cells,  the  racier  registers  thirty  milliamp&rcs,  and  on  the 
next  the  same  utimber  of  cells,  with  the  electrodes  applied  on  the 
same  portion  of  the  body,  causes  the  meter  to  indicate  but  twenty, 
we  know  that  the  pf>.tienc  is  offering  a  far  greater  resistance  to  the 
current  on  the  second  day  than  on  the  first.  It  is  not  essential,  for 
practical  pur[>oscs,  that  we  know  just  what  that  resistance  is,  hut  it 
is  desirable  and  interesting  to  know,  and  the  rheostat  supplies  this 
knowledge  with  absolute  exactne&s.  In  onler  to  And  out  the  resist- 
ance when  (he  registration  is  thirty,  we  sobstiiutc  a  rheostat  for  the 
;  body  of  the  patient  and  introduce  a  number  of  ohms  in  the  circuit 
■nfiicient  to  hold  the  needle  at  thirty.  If  the  number  of  ohms  found 
necessary  is  thtee  thousand,  then  three  thousand  is  exactly  the  re- 
listance  offered  by  the  body  of  the  patient  on  the  first  day.  To 
rCnd  out  the  resistance  when  the  meter  registers  but  twenty,  the  same 
process  is  repealed,  and  if  the  number  of  ohms  registered  is  five 
thousand,  wc  know  that  five  thousand  ohms  is  the  amount  of  resist- 
aoce  offered. 

The  utility  of  the  rheostat  in  therapeutics  is  more  especially  in 
the  direction  of  enabling  us  to  increase  or  decrease  the  current  grad- 
ually and  ft-itho.it  shock.  After  intercalating  a  resistance  nf  one 
thousand  or  more  ohms  we  bring  into  action  the  number  of  cells  that 
will  probahly  l>e  required.  By  gradually  reducing  the  resistance  in 
the  rheostat,  the  milliamp^remeter  soon  marks  the  degree  of  quantity 
required.  To  decrease  the  current  the  resistance  in  the  rheostat  is 
as  gradually  increased  until  the  needle  points  to  o,  an  indication  that 
the  resistance  equals  the  strength  of  the  current.  The  Germans 
taught  the  use  of  ridiculously  weak  currents,  and,  influenced  by  these 
teacliings  and  by  a  natural  respect  for  an  agent  so  subtle,  the  a%'erage 
de^rree  of  strength  employed  when  first  I  began  the  use  of  galvanism, 
and  for  years  subs<juetitly.  indeed,  was  in  many  cases  entirely  inade- 
quate. In  the  applications  to  the  head  ten  or  twelve  celts  were,  as 
a  rale,  considered  quite  sufficient.  Beneficial  results  were  often 
seen  to  follow  such  mild  treatment,  it  is  true,  and  it  was  seldom  thai 
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more  was  a[tcm|ited,  but  that  the  dofie  of  electricity  thus  obuined 
was  exceedingly  slight,  and  far  more  inefficient  than  was  tfaeo  sup- 
posed, can  be  rea'^lily  demonstuteil.  The  cephalic  electrode  was  a 
broad,  thick  sponge,  while  (he  other,  applied  generally  to  the  pit  of 
the  stomach,  was  of  sponge  also,  but  much  smaller.  The  resistance 
thus  offered  is  necessarily  vcrj-  great,  and  if  the  miUiani pyrometer  is 
used,  it  will  be  found  that  the  actual  quantity  of  electricity  passing 
through  the  body  of  the  patient  hardly  exceeds  six  or  seven  milliara- 
]!6res.  Now,  to  use  a  current  of  only  this  strength  in  applications  lo 
the  ncrvc-ccntres  is,  as  a  rule,  little  more  than  child's  play,  aod  1 
make  this  assertion  in  remembrance  of  the  fact  that  I  formerly  advo- 
cated  tlie  efficiency  of  currents  even  milder  than  lhis.  Sometimes 
benefit  may  tmdoubicdiy  accrue  from  these  very  mih)  applications,  but 
I  have  for  so  long  a  time  observed  the  elTects  of  a  bolder  line  of 
treatment  that  I  have  no  hesitanry  in  advocating  it  in  preference  to 
former  methods. 

In  place  of  a  current  strength  of  five  or  six  milliamp^res.  substi- 
tute one  of  twenty,  and  the  superiority  of  results  will  soon  become 
manifest.  Bui  if,  by  the  method  in  common  use,  twelve  ordinary 
cells,  in  the  treatment  of  the  head,  deHect  the  needle  but  about  five 
degrees,  it  would  take  some  forty-eight  cells  to  give  a  strength  of 
twenty  niilli  amp  feres,  and  few  physicians  have  any  such  number  at 
command  as  that.  For  this  purpo.sc  the  electrodes  should  be  as 
large  as  ])Ossibic — that  is — broad  and  flat,  or  curved  according  to 
the  part  of  the  body  to  which  t!ic-y  are  applied,  but  with  little  bulk. 

With  electrodes  such  as  thes.e  and  a  series  of  eighteen  f.eclanchi 
cells,  a  current  of  twenty  milliampircs  can  readily  be  obtained  in 
applications  from  the  head  lo  the  solar  plexus.  Thirty-six  cells 
would  therefore  give  forty  milliamptres,  an  intensity  of  current  sel- 
dom uecessary  in  central  galvanization. 

In  making  these  strong  applications  to  the  brain  there  is  an  ele- 
ment of  d.inger  which  cannot  be  emphasized  too  strongly,  and  that  is, 
the  possibilty  and,  indeed,  the  probability,  considering  the  utterly 
hap-hazard  way  in  which  electricity  is  too  frequently  used,  of  the 
current  becoming  suddenly  broken. 

Even  with  very  weak  currents  apjilicd  to  sen.sitivc  nerves,  or  lo 
the  head,  interruptions  are  as  a  rule  undesirable,  and  when  strong,  as 
indicated  by  a  deflection  of  the  needle  of  twenty  or  more,  ihcy  may 
painfully  aggravate  the  very  symptoms  that  you  are  endeavoring  to 
allay.     As  a.n  illustration  of  this  most  imjiorlaui  fact  I  may  be  allowed 
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to  refer  to  two  out  of  a  number  of  cases  upon  which  ihis  statement 
b  based.  The  first  was  a  case  of  epilepsy:  one  which  had  heen 
helped,  up  to  a  certain  point  only,  by  a  persistent  use  of  the  bromides, 
but  which  had  very  greatly  improvud  and  finally  recovered,  when 
this  treatment  was  supplemented  by  galvanization  uf  the  brain. 

The  attacks  had  been  growing  far  less  frcjucnt,  and  at  this  time 
some  three  months  had  elapsed  since  the  last.  The  patient  was 
feeling  exceedingly  well,  and  this  in  itself  was  with  her  regarded  as 
a  guarantee  »f  exem!)lion;  for  invarialdy,  btrfore  a  parosysm,  slie 
was  accustomed  to  feci  far  from  well.  With  one  pole  at  the  epigas- 
trium and  the  other  on  the  head  I  was  gradually  increasing  the  cur- 
reat,  until  it  probably  indicated  some  fifteen  or  twenty  milliam- 
'peres. 

In  some  way  the  connection  was  suddenly  broken,  and,  with  the 
characteribtic  cry,  the  patient  fell  over  in  an  epileptic  fit,  and,  as  I 
aftenvard  learned,  one  of  far  greater  severity  than  usual.  The  other 
was  a  severe  case  of  chorea,  of  long  standing. 

This  patient  was  slowly  but  surely  recovering,  and  had  so  far  re- 
gained command  of  his  lower  limbs  that   he  could  walk  with  but 
sJighi  evidences  of  any  lack  of  co-ordinating  power,  and  could  use 
his  knife  and  fork  with  ordinary  readiness.     About  this  time  he  in- 
advertently received  a  shock  through  the  Iiead  of  a  current  strength  of 
Some  twenty  milliampcrcs.      Results  of  a  most  unpleasant  character 
followed.     The  choreic  niovcracnls  of  the  legs  ^nd  arms  returned  in 
a  marked  <tcgrce,  so  that  he  walked  with  uncertain  step,  and  could 
tio  longer  feed  himself.     These  aggravated  symptoms  continued  for 
about  ten  days,  and  then  began  gradually  to  subside.     I  would  by  no 
means  be  understood  to  say  that  a  galvanic  shock,  even  though  se- 
vere, will  usually  cause  marked  increase  of  symptoms  that  arc  subsid- 
ing under  the  use  of  an  uninterrupted  stable  current.     Such  shocks 
arc  many  tiroes  given  without  any  apparrnily  evil  results.    They 
should,  nevertheless^  be  guarded  agains:    in  every  possible  way,  as 
their  tetidency  is  undoubtedly  harmful.     One  of  the  diseases  to  which 
I  will  refer  in  giving  more  definitely  my  own    experience  in  regard  to 
electric  dosage,  is  epilepsy,  a  condition  in  which  electricity  is  far  from 
[(being  generally  recognizefl  as  cafiable  uf  any  spet-ial  service.     I  am 
Dot  aware  that  in  this  connection  the  disease  has  been  discussed  in 
any  treatise  or  article  excepting  my  own.      As  far  liack  as   187S  I 
wrote  upon  the  subject,  and  only  lately  gave,  before  the  New  York 
Academy  of  Medicine,  the  results  of  my  obser\atioQ  in  twenty-eight 
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cases.'  Of  thwe  twenty-eight  cases  of  epilepsy  al; 
were  treated  without  the  aid  cf  accurate  current  roeasurement,  since 
the  nulliamp^remeier  In  therapeutics  is  of  comparatively  recent  in- 
troduction. It  is,  however,  possible  for  me  to  give  approximately  the 
stren{jth  of  current  \xtivti  in  most  of  these  cases. 

TItc  range  was  between  fifteen  and  forty  milliamptrcs.  I  have 
found  no  patient  suffering  from  e[iilepsy  who  could  not  endure,  with- 
out ill  cfiects,  a  current  of  fifteen  milliampfcrcs,  provide*!  the  cephalic 
electrode  coveted  a  surface  sufficiently  large  and  was  accurately  ad- 
justed, while  most  of  them  bore  without  discomfort  a  much  stronger 
curxenl.  Seldom,  if  ever,  should  I  regard  more  than  thirty  milliara- 
pferes  desirable,  and  the  strength  that  I  have  found  most  generally 
acceptable,  and  of  service  to  my  ]>aiients,  has  been  from  fifteen  to 
twenty-five  milliampires.  In  chorea,  substantially  the  same  rule 
|)rcvails  in  regard  to  strength  of  application,  or  would  prevail,  if  the 
average  age  of  choreic  patients  was  not  much  less  than  that  of 
epileptics. 

The  strength  of  current  applied  to  the  head  in  a  case  of  chorea 
under  twelve  years  of  age  should  rarely  exceed  twenty  milliamp^res, 
and  generally  should  be  about  twelve.  We  cannot  approximate  the 
relative  dose  of  electricity  for  different  ages  as  accurately  as  we  caq 
that  of  drugs.  This  observation,  however,  will  be  found  to  be  uni- 
formly correct;  The  very  young  bear  proportionately  very  much 
stronger  currents  thqn  adults.  A  child  of  three,  who  should,  according 
to  rule,  tolerate  only  about  one-fifth  the  adult  dose  of  any  powerful 
drug,  will  easily  bear  one-third  the  adult  dose  of  electricity. 

Old  people  Itcar  stronger  currenis  than  those  in  middle  life;  it  is, 
indeed,  quite  astonishing  to  observe  the  very  marked  insusceptibility  of 
soime  ver>-  old  people  to  electricity,  due  in  some  measure,  perhaps,  to 
blunted  sensibility,  hut  in  a  higher  degree  to  a  loss  of  conductibiliiy 
of  the  tissues,  and  esjKrcially  the  skin.  It  will  not  answer,  however, 
to  presume  loo  much  in  the  ap{}lication  of  electricity  to  the  old  on 
account  of  this  apparent  insusceptibility,  as  it  is  not  uncommon  to 
meet  with  patients  advanced  in  years  who.  while  ihey  may  feel  Ihe 
application  of  a  certain  strength  of  current  but  little  at  the  lime,  yet 
are  exceedingly  susceptible  to  its  secondary  effects.  Another  disease 
for  the  relief  of  which  the  galvanic  current  is  but  indifferently  appre- 
ciated is  exophthalmic  goitre.  Without  it,  indeed,  it  is  often  impos- 
sible to  obtain  results  at  all  satisfactory,  but  with  it  marked 
■  New  York  Medical  Jouroal.  April  i6,  1887. 
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ration  of  the  symptoms  almost  invariably  foHows,  and  complete 
recovery,  many  times,  in  cases  that  respond  but  slightly  to  other 
Ltneihmls.  The  strength  of  current  indicated  varies  according  to  llie 
po&itioti  of  the  poles.  An  important  point  for  local  application  is  the 
auriculo-maxillary  fossa,  immediately  below  the  lobe  of  the  ear,  where 
but  a  comparatively  small  electrode  can  be  used. 

A  strong  current  would  produce  both  paiti  and  vertigOj  and  five 
to  seven  milliampires  is  about  all  that  will  be  well  borne  with  the 
«lectrodes  in  this  )>o<>ition. 

As  we  gradually  move  the  pole  down  along  the  inner  border  of 

the  stcrno-clcido  mastoid  miisde,  the  strength  can  be  increased  very 

materially,  and  with  a  large  pole  at  the  back  of  the  neck,  near  the 

tilth  cervical  vertebra,  and  the  other  on  the  enlargement,  currents 

of  twenty  and   thirty  milliampfcrcs  can   be  profitably  utilized.     The 

Variation  of  current  slrengtli  in  the  treatment  of  neuralgia  anil  pain 

in  general  is  as  wide  as  the  symptoms  are  varied  in  character  and 

Serat,  and  more,  perh-ips  than  in  discise  in  general  is  it  necessary  to 

<^arefully  discriminate  in  the  selection  of  the  proper  current. 

True  neuralgia  (pain  directly  along  and  confined  alone  to  the 
«iourse  of  a  nerve)  cslU  almost  invariably  for  the  galvanic  current, 
^*rhilc  the  so-called  pscudo-ncuralgi^fi,  which  are  simply  forms  of  pain 
^:>ccupying  certain  areas  and  running  seemingly  in  the  direction  o£ 
^^rcTtain  nerves,  yield  most  readily  to  faradisin. 

Five  to  ten  milliampbrcs  are,  as  a  rule,  amply  sufficient  for  the 

■*~elief  of  neuralgia  al>out  the  face  ami  head,  while  in  sciatica  it  is 

csften  necessary  to  use  as  high  as  forty  and  fifty,  or  even  more.     The 

efficacy  of  very  snong  currents  in  the  treatment  of  sciatica  should  be 

wore  genenlly  recognized. 

As  ordinardy  used  it  often  fails  To  relieve,  because  of  an  insuffi- 
dent  current.    The  operator  is  simply  self-deceive  J.     He  is  using 
'perfaapsa  large  number  of  cells,  freshly  and  properly  charged,  but 
'his  electrodes  are  of  a  pattern  and  size  to  offer  the  greatest  possible 
resistance.     Let  him  substitute  electrodes  that  are  broad  and  flexible, 
readily  adapting  their  shape  to  every  inequality  of  surface,  and  this 
"■difficulty  of  lack  of  strength  will  quickly  resolve  itself.      In  the  treat- 
ment of  paralysis,  whether  central  or  peripheral,  the  dohc  of  elec- 
tricity is  dctenninctl  by  so  many  modifying  factors  that  it  cannot  be 
fully  discussed  here.      The  general  law,  that  when  a  muscle  (ails  lo 
spond  to  the  faradic  current  recourse  must  be  had  to  the  galvanic, 
I'is  now  usually  appreciated,  but  it  is  not  so  generally  undcrs'ood  that 


paralyzed  aer\'es  are  not  to  be  indiscriminately  siimulatccl  by  sudden 
shocks.  Many  a  paralysis  that  tnight  hav«^  recovered  has  been  ra^e 
permanent  by  such  ill-iiirectcci  and  culj»ablc  interference.  After  it 
has  been  determined,  hy  careful  interrogation  of  the  affected  muscle, 
what  is  the  degree  of  (piantiiaiiveor  c[U3litative  cliange,  it  is  in  many 
cases  imperative  lu  use  the  conlmuous  and  nui  the  interrupted  gal- 
vanic current.  Especially  is  this  true  in  those  cases  of  local  paralysis 
where  responses  utterly  fail  to  be  elicited  by  the  faradic  current,  but 
are  mtirf  readily  obtained  by  the  galvanic  current  than  in  the  normal 
condition  of  nerve  and  muscle.  In  such  cases  mild  currents  of  about 
seven  milliamptres,  increased  to  twelve  and  fifteen  as  improvement 
increases,  and  applied  without  inlerruption,  will  succeed  in  lesscniu); 
the  irritability  of  muscular  fibre  and  in  restoring  the  lost  vitality  of 
the  intramuscular  nerves,  upon  the  integrity  of  which  the  faradic 
current  depends  for  its  ability  to  call  forth  muscular  contractions, 
far  more  effectually  than  when  interruptions  are  atlemplcd. 

In  most  forms  of  paralysis,  however,  much  stronger  currents  than 
these  can  lie  applied.  In  infantile  paralysis  fifteen  or  twenty  railliam- 
p^res  may  bcnsed.and  in  the  spinal  paral>'5i8  of  adults  (poliomyelitis! 
twenty-five  to  thirty  are  usually  indicated.  In  both  these  conditions, 
but  more  specially  in  infantile  paralysis,  the  same  rule  should  be  ob- 
ser\-eil  as  in  the  trealnient  of  the  form  of  facial  paralysis  to  which  al- 
lusion has  been  made — for  the  most  part  continuous  and  not  inter- 
rupted currents.  Given  a  case  of  infantile  giaralysis  in  which  reaction 
to  the  faradic  current  is  entirely  lost  and  only  faintly  appreciable  to  the 
galvanic,  it  is  entirely  possible,  by  sudden  shocks  in  the  bcginnmR.  to 
quite  obliterate  the  Httle  remaining  vitality  and  render  the  case  in- 
curable. In  hemiplegia,  again,  while  electricity  possesses  but  a  lim- 
ited value,  it  is  yet  capable  of  doing  decided  harm.  I  have  at  this 
time  under  observation  a  hemiplegic  patient  whose  arm  was  in  such 
a  condition  of  heightened  irritability  that  contractions  to  both  cur- 
rents were  called  forth  far  more  readily  than  in  health.  He  fell 
into  the  hands  of  one  who  possessed  greater  activity  than  insight, 
and  was  subjected  lo  a  series  of  treatments  by  the  faradic  current  in 
which  the  muscles  of  the  arm  were  jerked  about  in  a  most  merciless 
manner.  As  might  have  been  expected,  there  soon  superx'encd  an 
entire  loss  of  motility,  together  with  neuralgic  pains  of  .i  distressing 
character.  In  alluding  to  epilepsy  and  chorea  1  spoke  of  central 
galvanization  and  its  dosage  in  those  diseases.  Central  galvanization 
is  also  a  valuable  method  in  many  neurasthenic  conditions,  in  hysteria, 


^g  according  to  the  disease  and  individual  idiosyncrasies:,  from  five 
^K>  lorty  miUiamperes. 

It  may  seem  an  easy  thing  to  make  use  of  central  galvanization 
^^lisfactorily,  but,  tike  most  easy  things,  its  efficient  use  demands 
Icoowlcdgc,  care,  and  some  experience,  ail  of  which  arc  within  reach 
tjf  those  who  desire  to  utilise  the  method.  The  wide  area  which 
this  hetmct-clcctrode  covers  lessens  by  just  so  much  the  resist- 
ance to  be  overcome,  and  enables  us  to  pass  through  the  head  a 
current  of  many  milliamp^res,  without  pain  or  other  ill  results.  To 
ibis  end,  however,  the  electrode  inusi  be  made  to  adjust  itself  accu> 
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rately  to  every  Inequality  of  surface,  otherwise  a  painful  concenti 
tion  of  current  will  be  felt  at  various  points,  and  the  efficacy  of 
applications  interfered  with. 

Any  discussion  of  the  subject  of  electric  dosage  would  be  incom- 
plele  without  reference  to  gynecology,  in  wliicli  electricity  has  arrom- 
pUshed  much  good.  Here,  more  than  in  any  other  depanment  of 
medicine,  is  illustrated  the  great  superiurity  of  strong,  and  cotrpara^ 
lively  short,  over  weak  and  jjrolongcd  applications.  As  this  matter, 
however,  is  sufficiently  considered  in  the  chapter  devoted  to  diseases 
of  women,  it  need  not  be  discussed  here. 

The  Faradk  Current. — ^The  graduatetl  scale  on  some  of  our  faradic 
machines  and  which  indicates  the  number  of  tnche:i  that  the  rod  or 
helix  or  tube  is  moved,  is  a  practical/  useless  guide,  except  as 
far  as  it  may  be  resorted  to,  to  encourage  and  amuse  silly  and  weak- 
minded  patients.  In  any  faradic  machine  the  strength  of  the  current 
in  the  cell,  and  consequently  the  strength  of  Hie  induced  curreDt  in 
the  coil,  varies  from  day  to  day,  and  varies  during  the  application: 
and  the  a  i  ount  that  passes  through  the  patient  is  dependent  on  the 
size  of  the  electrodes,  and  the  amount  of  moisture  in  them,  and  tlieir 
relative  position. 

In  default,  therefore,  of  any  trustworthy  means  of  prescribing 
faradi"  electricity  by  definite  measures,  we  are  compelled  in  practice 
to  d^.^)end  on  these  two  indications. 

I.    734^  sensations  of  the  patient. 

Very  fortunately  the  sensation  of  the  patient  durinj*  the  applica- 
tion indicates  with  considerable  correctness  whether  the  current  ia  of 
the  proper  strength,  l^e  ruf<  is  that  where  strong  currents  are  tforru 
without  discomfort  strong  currents  are  beneficial;  where  only  mild  cjtr- 
rents  ar:  borne  only  milii  currents  are  indicated.  The  difference  in  the 
natural  sensitiveness  of  patients  to  electricity  is  verj'  great  This 
difference  is  further  modified  by  disease.  In  anassthetia  local  and 
general,  in  sclerosis  of  the  nerve  centres,  and  certain  local  afTections, 
very  powerful  currents  cause  but  little  pain.  On  the  other  liand  in 
hyperesthesia,  in  h)*steria  and  allied  affections  as  a  rule,  and  in  acute 
and  subacute  local  inflammations,  only  niiUl  currents  can  be  borne. 
To  disregard  the  feelings  of  the  patient  and  make  the  applications 
eiccedingly  painful  will  tend  to  produce  the  evil  rather  than  the  gcxtd 
effects  of  electricity.  To  give  only  mild  applications  when  strong 
ones  could  be  well  borne  is  to  rob  the  patient  of  a  pan  of  (he  benefit 
to  which  he  is  entitled. 
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To  the  rule  that  the  sensations  of  the  patient  arc  the  guide  in 
elKtrical  applications  there  are  some  exceptions,  JusI  as  there  are 
tome  exceptions  to  the  rule  lliat  the  api>ctile  >s  the  guide  in  the 
<}uuiity  tit  food  that  we  eai.  It  is  partly  to  guard  against  these  ex- 
ceptioQs,  and  to  keep  on  the  safe  side,  that  the  first  few  applications 
00  a  new  patient  whom  we  have  not  before  treated  by  electricity, 
siiould  be  mild  and  short. 

Nut  only  do  different  indiv-iduals  vary  in  their  sensitiveness  to 

eJectiicity.  but  different  pans  of  the  surface  of  the  body  in  the  same 

'Odjviilual  also  vary,  as  wc  have  seen  throiigh  a  considerable  range; 

^ndiQ  the  cavities  of  the  body  and  on  the  mucous  surface  the  range 

^'  variation  in  sensitiveness  is  yet  greater.     The  mucous  membrane 

^f  the  mouth,  tongue,  urethra,  is  very  sensitive,  and  this  scnsiiiveucas 

^*0«nid  be  rt-spected  by  the  clectro-;hcrapcutist. 

^L  There  are  some  quite  rare  cases  of  hysteria  where  the  great  sen- 

^P*  tivcness  of  the  jiaticnt  ti.ay  be  disregarded,  or  chloroform  or  ether 

*^ay  be  administered.     The  sensitiveness  of  the  patient  is  a  guide 

^-^  Tily  <ir  mainly  in  regard  to  the  strength  of  the  rurrent.      In  regard  to 

^-  ^e  length  of  the  application  we  must  be  guided  by — 

2.    The  immei/iafe,   seeoniian\  aud  remo/f   effects. —  Tliis    second 
^^^ide  serves  to  correct  the  mistakes  of  ihe  first.     A  meal  that  disa- 
'^pTfT  with  us  may  show  its  ill  effects  in  a  few  mtnnies  ur  hours,  or 
"^t  following  day.     Similarly  we  should  study  the  effects  of  electr  cat 
applications.     So  far  as  any  one  or  all  of  the  good  effects  described 
H      in  this  chapter  follow  an  application,  so  far  we  may  judge  that  the 
xpptication  has  done  good;  so  far  as  any  or  al!  of  the  evil  effects  de- 
scribed in  this  chapter  foHow  an  application,  we  may  judge  that  it 
H      has  done  evil.     The  evil  and  the  good  effects  may  sometimes  be 
"      associatcil.     To  rightly  inieri)ret  these  effects,  and  to  distinguish  he- 
tveen  those  that  are  produced  by  moral,  hygienic,  or  medical  causes 
is  one  of  the  severest  tests  of  medical  skill.     There  is  less  liability  to 

■  deception  in  studying  the  immediate  effects,  since  there  is  less  chance 
for  other  forces  to  complicate  the  results.  After  a  few  hours,  the 
complications  of  diet,  exercise,  weather,  medicine,  and  so  forth  begin 

■  to  appear,  and  obscure  the  effects  of  the  cicclricity.  The  secondary 
and  remote  effects  can  therefore  only  be  ascertained  by  repeated 
observations.  .K  single  application  gives  us  little  opportunity  to  an- 
swer the  question  whether  electricity  is  really  the  remedy  that  the 
case  requires. 
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One  caution  must  not  be  forgotten:  the  immediate  and  sccoiidaryJ 
effects  may  be  evii  while  the  remote  tffeets  may  U  good. 

A  long  walk  that  much  fatigues  us  is  often  beneficial,  though  th( 
benefit  docs  not  appear  for  several  da>-s.     'Chose  who  take  travelling 
vacations  to  recruit  exhsLSted  enei^ies,  frequently  fee)  worse  while 
they  are  travelling,  but  arc  stronger  on  their  return  and  for  months 
following.     The  fatigue  and  soreness  and  stiffness  tliai  sonieiimes 
follow  skating  and  gymnastics,  and  other  exercises,  do  not  always  io-i^l 
dicatti  that  henefii  has  not  been  derived.     'I'he  next  day  the  appetite^* 
and  spirits  may  be  belter,  sounder  sleep  may  follow :  the  cvjl  and  the 
good  effects  contend  for  the  mastery,  and  the  good  effects  triumph.    ^| 
Th^  htst  reiulls  of  Eiectrual  Treatment  usually  ofttained  totth  A/iia^^ 
Currents. — For  the  average  constitut  on.  and  with    the  exceptions 
that  come  from  certain  idiosyncrasies  and  certain  discxses,  Kurh  as 
anaesthesia,  the  best  results  of  electrical   treatment  are  obtained  by 
miid  currents.  ^| 

The  temptation  to  <li.srcgard  this  ndc  and  use  painful  currents  is, 
even  for  the  experienced  electro-therapeutist,  very  great,  and  some- 
times  irresistible.     The  dogma,  "  no  smart  no  cure,"  which  hai|fl 
wrought  so  much  misery  in  the  world,  siill  lingers,  even  among  the 
JDtelligent. 

The  descendants  and  near  relatives  of  the  man  who  growled  at 
his  dentist  for  extracting  his  tooth  without  pain  or  bluster,  because 
he  had  been  accustonietl  to  being  hauled  all  around  the  room  during 
that  operation,  are  yet  very  numerous.  Even  in  cultivated  circles 
there  can  l>c  found  those  who  have  no  faith  in  medicine  unle.ss  it  is 
bitter,  and  no  respect  for  the  doctor  unless  he  half  kills  them.  Then 
again  some  patients  make  a  virtue  of  lie.iring  pain,  and  will  pretend 
that  they  do  not  feel  the  current  when  ihcy  know  they  are  suffering 
all  the  horrors  of  the  damned.  Moreover,  mercenary  patients  wish 
to  get  their  money's  worth,  and  if  they  pay  so  many  dollars  for  an 
application,  they  want  so  many  dollars'  worth  of  agony.  For  all 
these  reasons  combined,  we  are,  in  spite  of  our  experience  and  cau- 
tion, continually  making  the  blunder  that  we  here  warn  against. 
Over  the  doors  of  the  electro-therapeutist,  and  in  full  ^iew  of  the 
operating  chair,  we  would  inscribe  this  motto,  "  Better  give  much  loo 
little  than  a  little  too  much." 


CHAPTER  V. 


COMPARATIVE  VALUB   OF   THE.  GALVANIC   AND    rARAOlC   CURRCNTS. 


Much  of  the  confus  on  iliat  exists  concerning  Uie  {lifTureiiiial  incUca 

^Ons  for  the  use  uf  the  galvanic  and  faradic  currcnii  omcs  froiii  a.n  iin- 

f^^jfcct  or   erroneous   or  cxaggcr^itctl  conceplion  of  the  tlistinclion  in 

"l  «ir  jjhysical  and  [ihysioIogicaJ  effects-     The  general  belief  orsiipposi- 

/*^an  i»,  ilut  there  is  betivccn  ihcai  a  radicil  and  iiMportant  difference 

rtiM/f,  as  thuii^li  they  were  two  different  agents  or  forcfS. 
U'e  can  tnoii  iir.clligently  compare  \he  therapeutical  effects  of  the  two 
^^"^-arrcnts,  if  we  first  coiiipare  their  physical  characteristics  and  their  phy- 
^ogical  effects. 
By  referring  to  the  section  on  electro- physics,  it  will  Leseen  that  both 
"^jrrcots — Ciradic  and  galvanic — are  capable  t)f  producing  chemical  de- 
^  ^xn|iosition,  of  dcllecting  the  needle  of  the  galvanometer,  of  producing 
■"^»rks,  and  of  being  ch;ingcd  into  heat.  Generally  speaking,  these 
Tects  are  produced  more  powerfully  by  the  gah-anic  current ;  but  in 
jramtne's  inaciiincs  we  bliall  see  that  ma^nctu-clectricily  i^  capable  uf 
^^^iroducing  great  heat  and  of  electroplating  on  an  cnormou:;  scale. 

Botii  currents  are  obedient  to  the  law  of  Ohin,  with  this  qviaiificalion, 
That  the  faradic  current  must  be  regarded  as  having  passed  through  a 

I  great  resistance. 
Faradic  and  galvanic  electricity  are  therefore  the  same  forcc^-clcc- 
(ridty,  only  each  variety  is  modified  by  ilie  nature  of  the  substance 
through  which  it  circulates,  as  well  as  the  manner  of  its  production. 
Light  is  light,  whether  its  waves  are  shorter  or  longer,  and  in  spice  ol 
interference  and  polariiation,  and  whatever  may  be  the  color  that  tt  ex- 
cites in  the  retina  ;  sound  is  sound,  whether  its  undulations  move  slowly 
II  or  rapidly.  So  electricity  is  electricity,  however  generated  or  however 
^M  modified  by  tlie  medium  through  which  it  moves ;  and  all  forms  of  it, 
^  magnetism,  as  wcU  as  frauklintsni,  galvanism,  and  the  uiaiTy  .'aricties  of 
faradism,  are  merely  different  expressions  of  the  one  great  force — clec 
tricity. 


2/0       GALVANIC  AND  FARADIC  CURRENTS  COMPARED. 

In  Iheir  pftysiohgUai  effects  ilie  two  currents  a|jproacli  each  othei 
nren  more  closely.  It  w  true  that  ihe  i>henomeni  of  clectroionoshavc 
Only  been  dcnionstrated  under  (lie  galvanic  current ;  but  it  is  not  iHOt'cd 
that  siuiilar  |tlicno;iiena,  to  a  les»  degree,  may  not  be  caused  by  the  foradic 
current,  and  every-day  experience  in  electro-therapeutics  shows  tliat  with 
fhe  Taradic  curit-ni,  a:i  with  the  galvanic,  the  positive  pole  is  the  more 
calming,  and  the  ncj^jiivc  ilie  more  irricatiog.  Doth  currents  act  on  the 
ski)]  so  a^  tu  inudify  the  circulation,  the  jjalvanic  having  a  greater  cliemi- 
cal  ctiect  .ind  causing  a  feeling  of  burning,  while  the  faradic  causes  a  feel- 
ing of  stinging  and  pricking,  lioih  currents  applied  to  the  broii)  and 
S[)inal  cord  excite  contractions  of  peripheral  muscles.  Apphed  to  the 
sym)>atheuc  both  currents,  according  to  the  degree  of  irrtcation,  cause 
contraction  or  dilatation  of  the  cerebral  vessels  ;  Ihe  faradic  (fioducing 
the  same  effect  as  the  galvanic,  only  more  slowly.  Applied  to  the  pneu- 
niogaslric,  whether  cut  or  injured,  both  currents  jirodute  about  Ihe  same 
effects  on  ilie  hearL  Even  in  their  action  on  the  nerves  of  5i>ecial  kom 
Lhc  currents  approach  each  oUier  fat  more  closely  thaa  has  been 
sup|)05ed. 

Id  temperaments  of  a  high  order  of  susceptibility  tlte  faradic  current 
may  so  excite  the  reiina  as  to  cause  tlaslies  before  the  eyes,  and  may 
produce  a  mctoDic  taste  in  ihe  mouth,  ami  even  the  auditory  nerve  re- 
sponds to  the  faradic  cu.'rent,  tliough  less  distinctly  tlian  to  the  gal- 
vanic current,  and  without  the  peculiar  differential  action  of  the 
poles. 

Applied  iQ  inoEorand  sensory  nerve  brandies,  both  currenuand  Loth 
poLcs  cause  sensations  of  pricking,  tingling  and  numbness,  and  contrac- 
tions of  the  muscles  which  the  nerve  supplies.  Applied  to  voluntary 
musclcs  both  currents  cause  contractions,  tlie  faradic  more  readily  than 
the  galvanic  ;  ajiplied  to  involuntary  nmi>cles  both  cuiients  cause  slow 
contraction  at  both  poles  and  in  the  intcnuediatc  region.  The  elecir&. 
lytic  action  of  the  faradic  current  on  the  blood  or  on  the  tissues  of  tlie 
body  is  but  feeble  as  compared  with  that  of  the  galvanic  curreni ;  but 
yet  it  exists,  and  (rom  ihe  inner,  or  primary  coil,  is  easy  of  demon siratioa  ; 
and  yet  it  must  be  confessed  that  in  iheir  cUeiiiical  action  the  cuncnti 
diverge  more  widely  than  in  any  other  physiological  effect 

Over  initritLon  iK.ih  currents  and  both  |>oles  have  a  jrawerful  influence, 
the  faradic  acting  jnorc  prominently  through  Uie  muscular,  the  galvanic 
through  the  nervous  system. 

from  the  accumulating  results  of  experiments  and  ex|>erience  in 
electro-diagnosis  and  therapeutics,  wc  think  tliat  tlicre  is  strong  reason 
for  regarding  the  essential  distinction  in  the  effects  of  these  currents  on 
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the  boJy  as  nutinly  cf  degree, — ]>r3cticaily  uuounting,  it  Is  uac,  to  a 
^difiereitcc  In  kind, — anil  that  thiii  Is  the  scientific  basis  for  their  differen- 
lial  etnfiloyment. 

In  the  form  of  localized  electrization  both  cau  produce  muscitlaf 
contractions  in  paralyzed  imisclcs,  and  relieve  local  neuralgia:? ;  both 
cause  absor|>iioi)  of  sbnomial  sccreiiotis  ;  and  Loth  can  dixeclly  atTcct 
the  bfoin,  spinal  cord,  syni)tathetic,  and  all  the  internal  organs,  pio 
ducing,  in  different  degrees,  the  various  therapeutic  results  that  directly 
id  indirectly  Sow  from  electrical  cxcitadon  uf  tliesc  parts.  In  die 
Efbrni  of  general  electrization  both  airrentii,  besides  producing  most  of 
the  other  results  of  localized  electrization,  act  as  powerfully  stimulating 
tonics,  and  thus  form  most  efficient  aids  in  the  relief  and  cure  of  nerv- 
ous exhaustion,  nervou?;  dysjKpsio,  constitutional  neuralgia,  and  of  a 
vide  range  of  nervous  diseases  associated  with  or  dependent  on  general 
debility. 

In  electro  surgery  both  currents  avail  to  discuss  tumors,  heal  utcen^ 
and  baiiien  absoqnion,  although  for  these  pur^wses  the  galvanic  is 
incomparably  the  more  effective. 

Aod  yet  the  difference  in  degree  between  the  effects  of  the  two  cur- 
rents is  so  marked  and  so  clearly  demonstrable,  as  to  be  practically 
c<]uivalent  in  certain  instances  to  a  ditference  in  kind,  and  10  give  very 
important  and  remarkable  advantages  to  one  ciurcm  or  the  other,  a& 
cording  to  the  indicatiims  required. 
The  advantages  of  the  galvanic  over  the  faradic  tire  :— 
I.  A  greater  pouftr  of  m'tresmiitg  resistance.     It  therefore  affects  the 
brain,  spinal  cord,  and  sympathetic  more  powerfully  than  the  faradic. 
Mnce   the  anatomical  positiun  of  these  parts  is  such  that  considerable 
resistance  niiist  l»e  overcome  in  order  to  directly  affect  them.      For  the 
&amc  reason  it  is  usually  to  be  preferred  when  it  is  desired  to  affect  the 
■lilddle  and  internal  ear,  ihe  retina,  and  the  muscles  of  the  eye. 

a.  A  power  of  producing  muscular  contractions  in  cases  where  the 
Jaradic  fails.  This  peculiarity  of  the  galvanic  current  has  now  been 
observed  so  frequenily,  and  in  such  striking  instances,  that  it  has  be* 
come  an  accepted  fact  of  electro  therapeutical  science.  Illustrative 
examples  will  be  given  in  die  section  on  paralysis.  After  a  certain 
amount  of  tr  raiment  by  die  galvanic  current  the  paralyzed  muscles 
Ire(|uently  resime  their  su'^ceptibility  to  the  faruUc 

3.  A  far  more  potent  electrotonic,  electrolytic,  and  thermic  action. 
The  chemical  power  of  the  galvanic  current  is  most  markedly  seen 
when  used  for  the  purposfs  of  galvaiio-caulery  or  electrolysis.  The 
caperior  efiicacy  of  the    galvanic   current  to   the  faradtc,  so  often 
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observed  io  the  trcaiinent  of  Ticuralgia,  of  atrophied  muscles,  rheurr** 
lUni,  is  probably  due  to  its  greater  "catalytic"  action.  It  probably 
induces  more  lapid  and  more  iiiiporiaiit  molecular  and  other  changes  in 
the  tissues.  This  superiority  of  the  galvanic  current  is  supposed  to  be 
due  lu  its  more  cottiittuous  duration  ;  it  moves  constantly  in  one  clircc> 
liun.  and  thus  produces  more  [wwerful  electrolytic  effects  than  the  £a- 
radic  cunent  with  its  rapid  interruptions  can  possibly  produce. 

'I'he  advantages  of  the  fnradic  over  the  galvanic  current  arc  these  :— 

1.  By  virtue  of  its  frequent  interruptions  it  more  easily  prediues 
tnMscnlar  corttraetions  when  passed  over  the  muscles  or  the  nert-es  that 
ttipply  them.  Jn  order  to  produce  full  muscular  contractions  with  a  gal. 
vanic  current  of  moderate  strength  it  is  necessary  to  interrupt  the  cur 
rent,  and,  unless  it  is  quite  powerful,  to  localii'.e  at  least  one  of  the 
electrodes  ovtir  the  motor  nerve  by  which  the  uiuscle  is  supplied— that 
is,  over  the  Mi-callcd  "  niolor  points."  On  the  conlrar)-,  the  farvlic 
current  is  in  a  condition  ofrapid  interruption  and  produces  contracituns 
ivhcn  indifferently  jiassed  over  the  surface  of  the  muscle,  as  well  as  when 
localized  oti  the  main  nioior  nerve  that  supplies  it. 

This  advantage  of  the  faradic  current  is  be«t  appreciated  in  general 
faradization,  llie  pon-erfui  tonic  cfTects  of  which,  as  will  be  seen,  are 
partly  and  quite  largely  due  to  the  passive  exercise  and  conseijueni 
oxidaiion  and  other  in]port3.nt  changes  of  tissue  that  result  from  the 
several  thousand  muscular  contractions  that  take  place  during  an  ordi- 
nary Kitting.  In  localized  eleclri/aiion  this  advantage  is  not  so  clearly 
and  strongly  marked,  since,  in  this  method,  by  a  proper  knowledge  of 
electro- therapeutical  anatomy  and  suBicient  core,  it  is  possible  to  diicct 
one  of  ihe  electrodes  on  the  "niolor  points  ;  "  and  yet  even  here  the 
faradic  current  is  much  more  convenient,  because  its  employment  re- 
quires no  arrangmnenc  fur  inlermptiun,  and  less  minuteness  of  attention 
to  the  situation  of  the  motor  nerves.  The  exceptional  cases  of  jKiraly- 
sis.  where  the  muscles  have  tost  their  suscciitibility  to  the  faradic  ciir* 
rent,  do  not  interfere  with  the  general  nde. 

2.  It  preduees  greater  meehanieal  effeds.  These  mechanical  effects 
of  the  faradic  current  are  due  to  its  rapid  interruptions,  which  cause 
contractions  not  only  of  the  muscles,  but  also  of  the  contractile  fibre- 
cells,  thus  stimulating  the  circubtion,  and  with  it  the  processes  of 
waste  and  repair.  In  this  respect  its  action  is  similar  to  that  of  rub- 
bing, pounding,  movements  and  vibiations.  These  mechanical  e^TeciB 
are  especially  indicated  in  the  treatment  of  diseases  of  tlie  abdominal 
viscera,  whicli  arc  supplied  wiifa  contractile  fibre-cells  ;  annisthcsia,  aad 
gcueral  muscular  dcbihty. 
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3.  //  is  fess  likeiy  to  produce  unpleasant  fir  harmful  iffccts,  when 
incautmtsly  used,  than  the  gnlv<tnie> 

To  confinu  this  statement  we  rest  mainly  on  the  evident  rcsiilti 
of  clinical  ottscrvauon.  We  may  indeetl  refer  to  a  number  of  cases  of 
icvere  constitutional  neuralgia  and  excessive  nervous  exiiausilon  where 
Ihu  farath'c  current  invariably  rehevcd,  and  where  tlie  galvanic  oirrent 
as  invariably  aggravated,  the  symptoms.  For  this  reason  it  is  better  to 
t>egin  the  practice  of  eleciro-lherapeutics  with  the  faradic  current,  and 
fur  those  families  who  desire  a  scientific  plaything,  the  faradic  machine 
is  safcrihan  the  galvanic  apparatus. 

In  all  applications  to  the  head,  neck,  and  spine  especially,  applica- 
tions of  the  galvanic  current  can  rarely  be  protracted  without  injury, 
ubile  in  many  cases  the  spine  and  neck  may  be  faradized  through  very 
prolonged  slllinga,  with  positive  benefit  to  tlie  patient.  To  the  iieail, 
also,  a  £iradic  current  of  a  proper  quality  may  be  applied  much  longer 
than  a  galvanic  current,  before  unpleasant  dizziness  or  headache  is 
excited.  The  belief,  pretty  generally  entertained  in  Europe,  that  the 
faradic  current  cannot  be  applied  to  the  head  without  injury,  is  to  be 
accounted  for  by  ihc  fuct  Uiat  most  of  the  electric  machines  there  em- 
plo>'ed  are  separate  cotl  machines,  and  do  not  furnish  a  current  of  suiTi- 
Ctent  smoothness  for  farfidization  of  Ihc  head.  Most  of  those  who  at- 
tempt this  method  of  treamient  use  too  small  electrode;,  and  thus  give 
thecnrrent  greater  density  tlmii  tlie  brain  can  bear.  Calvaiiizatlon  of  thc 
eyeorcar,  or  of  the  cervical  s)'mpaihctic,  must  always  be  shorter  thanrjr> 
dilation  of  ihe  same  part*!.  These  considerations,  however,  need  not  inter. 
fere  with  the  use  of  the  galvanic  current  to  these  parts,  in  all  cases  where 
it  offers  a  positive  advantage  over  the  faradic.  I'herc  is  no  real  dangci 
in  using  either  current  on  any  palienl,  i>rovided  it  be  userl  properly. 

A  consideration  of  some  practical  importance  with  gcucial  practi 
tioners  is  that  the  faradic  apiuratus  is  more  convenient,  more  portable 
than  even  the  compactest  galvanic  apparatus  that  has  yet  been  devised 
It  is  impo'^sible,  however,  far  any  practitioner  to  realize  anything  like 
the  fill!  benefit  of  electrization  without  apparatus  for  the  galvanic  as 
ireli  ai  :he  faradic  currenL 

The  general  differontial  indications  for  the  use  of  the  two  currents 
may  be  thus  summed  up.     The  galvanic  should  be  used — 

1.  To  act  with  special  ei.f.ctrotonic  and  KLKcrRor.nic  powfr  m 
(kt  hrai/if  spinal  (ordy  sympathetic,  or  any  pari  of  the  central  or  penpk- 
frel  nertmts  system. 

2.  To  produce  contractions  in  paralyted  musflet  tfiatfaii  toretpona 
te  the  faradic. 
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3.  In  eUctro-surgery,  to  produce  eltctrolyiit  or  tauter  itcthn. 

The  fnradic  should  be  used — 

1.  Tc  act  HII.DLV  on  the  brain,  spinal  cord,  sympathdicy  or  any  part 
pf  the  central  or  periphtrai  nervous  system, 

2.  To  excite  mutctihr  contractions  wherever  the  muscles  art  not  so 
much  diseased  as  to  be  unable  to  respond  to  it. 

3.  To  produce  strong  mechanical  ejects. 

Both  are  essential  in  clectro-diaguosis — the  faradic  especially  for  the 
muscles,  and  the  galvanic  especially  for  the  nervous  system  ;  and  both 
are  adapted  Tor  general  as  welt  as  localized  electrization,  although  in 
general  clectrixatioii  the  faradic  current  Is  chiefly  used.  It  Ic^cally 
follows  from  what  has  been  said  that  very  niany — perhaps  the  majority 
— of  diseases  are  best  treated  not  by  one  current  exclusively,  but  by 
both  cut  rents,  either  in  altcrnnhon  or  succession.  SjKcial  indications 
will  be  given  under  the  special  diseases. 

The  two  currents  compared  to  bromide  0/ potassium  and  hydrate  oj 
chloral. 

We  are  accustomed  to  compare  in  a  rough  way  the  difTerentlal  action 
of  the  currents  with  the  differential  action  of  bromide  of  jxjtassiura  and 
hydrate  of  chloral,  the  faradic  current  being  the  bromide  of  polassitim. 
and  the  galvanic  the  hydrate  of  chlural. 

Bromide  of  ])OiaKsiiini  is  a  safer  remedy  than  hydrate  of  chloral, 
but  there  are  verj-  many  cases  where  it  is  powerless,  and  the  hydrate  of 
chloral  acts  as  a  specific  ;  so  the  faradic  current  Js  safer  than  the  gal- 
vanic, and  therefore  better  adapted  for  general  use,  and,  for  those  who 
U5«!  but  one  ctirrcnt,  fulfils  a  larger  rctpiirement ;  and  yet  there  are 
many  cases  where  it  fails  and  the  more  powerful  galvanic  is  demanded. 
Except  for  the  cases  where  ilie  galvanic  current  is  clearly  indicated,  it 
is  welt  to  begin  with  the  faradic  current,  just  oj  wc  use  bromide  of 
potassium  before  resorting  to  hydrate  of  chloral. 

A  combination  of  bromide  of  potassium  acd  hydrate  of  chloral  is 
G-equently  more  efTcctive  in  producing  sleep  and  rclie\'ing  ]iatn  than 
eitlicr  remedy  when  used  alone  :  simil.irly  the  combined  or  alternate 
use  of  the  faradic  or  galvanic  currents  will  sometimes  accomplish  muct: 
more  than  either  current  used  exclusively. 

GAI.VANO-FAIUDIZATI0N. 

In  order  to  secure  the  advantages  of  both  currents,  and  at  the  same 
time  to  avoid  the  trouble  and  inconvenience  of  employing  them  in  suc- 
cession, or  alternately,  as  Is  so  frequently  necessary,  we  have  f!evised  a 
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method  of  using  them  timuHaneoitity.  To  this  method  we  have  given  a 
name  which  sufficiently  expresses  its  charicter — galvano-faradiiafion. 
It  may  be  either  general  or  localized. 

The  method  of  general  galvana-faradization  requires  a  double 
electT0(1c,  with  one  part  for  the  galvanic  and  the  other  for  the  faradic 
current.  The  copper  plate  may  be  connected  at  one  part  with  the 
pole  of  the  faradic,  and  at  another  with  that  of  the  galvanic  apparatus ; 
thus  the  circuit  is  coitiplctcd  for  both  currents. 

In  localised  gal vano- faradization  it  is  necessary  to  have  in  use  two 
double  electrodes ;  for  this  pur|>ose  the  double  cxcitors  of  Duchennc 
answer  very  welt.  By  a  proper  constnictioa  and  adjustment  of  the 
electrodes  it  is  posdble  to  localize  Uie  two  currents  veiy  near  to  each 
other.  >Vhethcr  any  s}>ecial  Ihcrapcatical  advantage  arises  from  the 
simultaneous  use  of  the  two  currents,  wc  arc  unable  to  state. 

We  allow  the  above  description  of  galvano-faradizatiou  to  stand  just 
as  it  appeared  in  the  first  edition. 

Since  wc  have  used  ccntraJ  galvanization — a  method  to  be  sub&c- 
qu'^n'ly  described— wc  have  dispensed  almost  entirely  with  general 
galvaiiO'firaditatiua 


CHAPTER  VI, 

THE   PRINCfPLBE   OP   Et^CTRO-DIAaNOSIS   (ELECTRO-PATHOIiWTT;. 

In  iJiis  chcpter  we  shall  speak  only  of  the  principles  on  which 
elcclnciiy  is  uswl  as  a  means  of  diagnosis  in  medicine.  The  details 
and  special  a]ipli  cat  ions  of  these  t»rinciptes  will  appear  under  the  vari- 
ous diseases. 

A  hjstor)'  of  tlie  use  of  electricity  as  a  means  of  diagnosis  would  very 
likely  be  the  history  of  electro- therapeutics  itself.  As  soon  as  men 
began  to  use  the  voltaic  pile  in  the  treatment  of  paralj-sis  and  kindred 
diseases,  about  the  middle  of  the  last  century,  just  so  soon,  probably, 
they  began  to  test  the  power  of  the  electric  current  to  diagnosticate 
disease.  We  logically  infer  that  electrisation  was  used  as  a  means  of 
diagnosis  much  earlier  than  tlic  pubhshcd  treatises  on  the  subject  would 
sliow,  from  the  fict  that  it  has  been  so  used— in  a  blind  and  empirical 
way,  it  is  true— in  this  country,  for  thirty  or  forty  years.  Mankind) 
always  and  everywhere,  are  superstitious,  credulous,  ready  lo  receive 
whatever  ap]>roache<  them  with  an  air  of  mystery,  much  more  so  in  the 
last  century  than  in  the  present ;  and  it  is  certainly  not  unfair  to  sup- 
pose that  the  earlier  ex|icrimentcrs  in  this  de|>artiuent  consulted,  to  a 
greater  or  less  extent,  the  diagnostic  or  prophetic  power  of  the  subtle 
agent — electricity.  Their  expcrimenis,  wc  may  supjiosc,  were  unscicn* 
tific  and  unsatisfactory.  They  were  probably  neither  based  on  any 
well-defined  principles,  nor  conducted  by  any  intelligible  system.  Ac- 
cordingly, ihey  secured  very  few  tangible,  or  at  least  communicable,  re- 
sults, and  if  scientific  men  had  not  espoused  the  cause  of  electro- thera- 
peutics, the  phrase  electricity  as  a  means  of  diagnosis,  would  never  have 
been  known.  Nearly  all  that  has  been  accomplished  in  a  scientific 
way,  in  iliis  department,  ts  comparatively  recent ;  though  Marshall  Hall 
earnestly  called  the  professional  attention  to  tlie  fact  that  Electricity 
might  assist  us  in  differentially  diagnosticating  paralysis  as  far  back  is 
1839.*  Since  tliat  time  tlie  subject  lus  been  studied  by  nearly  a1)  ih« 
pcoruinent  workers  in  the  department  of  elcctro-therapeuticj 
•M««lleo-CliinjrglcaI  Tnmwclions,  18J9. 
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In  order  to  be  expert  in  electro-diagnosis,  it  is  necessary  tO  be 
thoroughly  fajniliar  with  the  normal  reaction  of  the  different  parts  anil 
organs  of  iJic  body  to  faradic  and  galvanic  electricity.  The  founda- 
tion principles,  on  which  Electricity  can  be  made  a  means  of  diagnosis 
of  disease,  are  &iiiiply  these  four  : — 

First.  Tiu  fact  that  all  me  parts  ami  organs  of  the  body  are  more  or 
ttss  sensitive  to  the  electric  current^  and  that  this  sensitiveness  is  moiiifiei 
by  disease.  This  electro-sensibility  may  be  either  increased  or  dimin- 
ish eil. 

If  an  electric  current  be  passed  ttirotigh  a  boil,  or  irritable  ulcer,  or 
Uie  skin,  like  any  other  irritant,  it  excites  more  pain  than  when  it  is 
applied  ovci  the  healthy  skin  ;  and  this  pain  vhich  it  causes  usually 
bears  quite  a  direct  proportion  to  the  nature  and  condition  of  the 
morbid  process.  This  is  bo  faiuiUar  and  so  appareni  an  example  of  in- 
crease  of  electro- sensibility,  that  to  state  it  is  to  demonstrate  it.  Ttie 
electric  currents,  during  the  various  proccsscsof  electrization,  penetrate 
bene:tih  the  skin,  and,  as  it  has  been  experimentally  and  practically 
demonstrated,  traverse,  to  a  greater  or  less  extent,  the  principal  vital 
organs.  It  is  evident,  therefore,  that  those  organs  which  are  abnor- 
itially  sensitive,  dirough  disease  of  nny  kind,  must  feel  the  current  nmch 
mure  appreciably  than  when  in  a  coiiditioii  of  health. 

But  the  mechanical  effects  of  die  electric  currents  work  both  ways, 
And  organs  which  are  indurated  or  changed  into  an  anaesthetic  condi- 
tion by  disease  are  less  sensitive  than  is  normal  to  the  electric  current, 
just  as  they  arc  less  sensitive  to  any  other  mccluinical  cause  acting  upon 
them. 

Accordingly,  we  find  that  when  even  powerful  electric  currents  are 
|>assed  through  an  indurated  joint,  or  an  atrophied  liver,  or  any  part  the 
sensory  nerves  of  which  arc  paralyzed,  they  may  produce  little  senso- 
tion. 

Before  making  examinations  to  determine  the  sensitiveness  of  the 
different  parts  of  the  surface  of  the  body,  it  is  necessary  to  know  their 
relative  normal  sensitiveness,  as  indicated  and  described  in  the  chapter 
on  Electro-Therapeutical  Anatomy. 

No  absolute  Standard  of  Electro-sensibility. — We  have  no  absolute 
or  mathematical  standard  of  eU-ctro -sensibility  by  which  to  compare 
the  deviations  that  appear  in  disease.  We  can  only  compare  the 
sensitiveness  of  parts  with  the  average  sensitiveness  of  the  same  parts 
in  health.  When  half  the  body  is  diseased,  as  in  hemiplegia,  ii  may 
readily  be  compared  with  the  electro-sensibility  of  the  healthy  side 
la  oU   these  examinations  into  sensibility  we  ore  dependent  on  the 
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statenients  of  the  patient,  and  the  results  will  be  influenced  by  his  in 
telligence  and  honesty. 

It  need  hardly  be  said  that  the  diagnosis  obtained  by  observing  thii 
increased  or  ditnini&hed  sensitiveness,  of  any  part  or  organ,  must,  of  oe- 
cessity,  be  a  very  general  one.  It  simply  informs  us  of,  and  directs  oui 
attention  to,  the  fact  tliat  such  a  |>art  or  organ  is  in  some  way  diseased. 
The  special  nature  of  this  disease  must  be  determined  by  the  ordinary 
means  of  dlfTerential  diagnosis  at  our  connuand. 

This  sensitiveness  to  the  electric  current  is  particularly  marked  over 
the  prominent  ncrvc-tracis,  and  in  those  regions  cr(!owcd  witli  great 
tactile  sensibility.  If  even  a  mild  current  be  applied  at  those  points  on 
the  upi>cr  or  lower  linibs  where  Uie  prominent  ner^-es  arc  superficial,  a 
feeling  of  tingling  or  nujnhncHS  is  felt  through  the  branches  of  the 
affected  nerve  ;  and  if  the  current  is  very  much  increased  in  strength, 
a  decidedly  anasslhetic  effect  is  experienced.  In  paralysis  of  senu> 
tion,  or  anaislhcsia,  this  feeling  of  tingling,  thrill,  and  numbness  is 
very  much  diminished  under  the  influence  of  the  electric  current,  or  is 
ennrcly  absent.  It  is  on  this  principle  that  clL-ctrictty  becomes  a  most 
valuable  means  of  diagnosis  in  the  various  stages  of  anxsthcsia.  A 
condition  of  anaisthcsia  or  analgesia  (loss  of  sense  of  jKiin)  can  readily 
be  detected  by  the  brass  ball  employed  in  general  faradiiiation,  or  by 
the  metallic  brush,  or  by  any  other  form  of  elcctroJc.  To  detect 
analgesia  the  electrode  should  be  moisrencd  so  that  the  current  may 
[lenctrale  the  epidermis. 

General  faradizatiun  is  found  to  be  of  practical  utility  in  aiding  us  to 
determine  ihc  locality  of  certain  diseases,  if  not  their  [precise  nature. 
In  dyspepsia,  electrization  often  reveals  great  sensitiveness  in  the 
epigastric  region,  and  on  the  left  side  over  the  spleen.  In  severe 
dyspepsia,  accompanied  by  emaciation,  a  current  is  someliuies  pain- 
fully transmitted  froui  the  mldLJIe  of  the  back  tu  the  neighborhood  of 
the  epigastrium.  A  peculiar  sinking  sensation  is  sometimes  felt  at  the 
pit  of  the  stomach  when  a  stroiiy  current  is  applied  over  the  seventh 
cervical  vertebra,  or  over  the  brachial  plexus.  All  these  symptoms 
taken  togettier,  undoubtc<lly  suggest  an  aggravated  case  of  dys|>epsia, 
and  usually  of  the  nervous  variety.  Congested  or  irritable  states  of  the 
liver  are  revealed  by  an  abncnn^it  and  peculiar  sensitiveness  nhrn  the 
current  is  applied  over  the  right  hypochondriac  region.  Otrf  must  he 
taken,  /loweier,  not  to  confound  the  normal  sensitiveness  of  the  super jiciat 
nerz-es  ever  the  rii>s,  with  an  abnormal  eoniiition  of  the  iiver.  There 
are  certain  diseaM»  of  this  organ  in  whicli  it  is  less  sensitive  than  usual 
to  electrisation,  lai  sometimes  it  appears  to  be  decidedly  ana:sthetic. 


MODIFICATIONS  OF  ELECTKO-SENSIBaiTV. 


379 


A  Udy  patient  of  ours  who  had  suffered  for  years  from  hepatic  disor- 
der was  very  sensitive  to  the  current  excepting  over  the  right  hypcchon 
driac  region,  vrlicrc  tjie  could  bear  Uie  whole  {>ower  of  lUe  apparatus 
without  Any  discomfort,  except  that  which  was  necessarily  caused  by 
Ihc  natural  tenderness  of  the  skin.  The  precise  condition  of  the  livei 
at  that  time  we  were  not  able  to  ascertain.  The  evidence,  however, 
was  sufficient  to  confirm  our  previous  suspicionit  in  rcgani  to  the  exis- 
tence of  some  affection  of  that  organ.  It  may  be  said  in  general, 
that  tlxbC  diseases  which  cause  the  liver  to  be  sensitive  to  external 
pressure,  also  cause  it  to  be  sensitive  to  electrization.  The  same 
general  principle  will  apply  to  the  sto:nach,  the  spleen,  the  iDtcstines, 
an  1  the  ovaries.  Our  experience  in  the  electrical  treatment  of  diseases 
of  the  lungs  has  not  been  large,  but  it  has  been  sufficient  to  make  it 
quite  probable  that  ceitain  sensitive  conditions  of  Citberculous  deposit 
may  be  suggested  by  abnormal  sensitiveness  to  the  faradic  current  over 
Ihe  apex  of  the  cliest. 

Electro-diagnosis  of  ihc  sensory  nerves  requires  us  to  examine  the 
condition  not  only  of  the  various  portions  of  the  skin,  but  also  of  the 
nerve-bran  dies,  and  tlie  plexuses. 

If  in  cutaneous  aniesthesia  wc  find  normal  sensitiveness  on  the  nerve- 
branches,  we  judge  that  the  disease  is  conlined  to  the  nerve  raniifica» 
tions  only. 

If  in  complete  aiuestbesla  of  an  extremity  the  nerve  plexus  exhibits  a 
normal  reaction,  wc  also  judge  that  the  disease  is  not  central  but  peri- 
pheral, including  the  nerve-branches. 

For  Ihf  purposf  of  Uslin^  tht  condition  0/  sensation  the  faradic  ettr- 
rent  is  usually  to  be  pre/erred,  for  the  reason  that  its  mechanical  cfTects 
are  greater  than  those  of  the  galvanic. 

The  elcctro-scnsibiliiy  may  be  normal  or  nearly  so  when  ordinary 
sensibility  is  nuich  dimiiiished.  In  some  cases  of  posterior  spinal  scle- 
rosis, for  example,  a  moderate  electric  current  may  be  fully  i>ercciitiljlc 
while  a  pin  may  be  thrust  into  the  flesh  without  causing  any  pain. 

The  Head.  —  In  health  the  head  is  very  sensitive  both  In  galvaniza- 
tion and  faradization,  in  all  parts  except  the  posterior.  This  electro- 
sensitiveness  of  the  frontal  and  parietal  regions  of  the  head  is  due  to 
the  superficial  nerves,  and  not  to  tile  brain  itself.  In  pathological  casfs 
this  sensitiveness  may  be  either  increa.sed  or  diminished. 

Spirn; — In  health  the  spine  is  but  Htde  sensitive  to  the  current.  In 
pjilwlogical  cases  it  may  exhibit  a  sensitiveness  to  the  electric  current 
that  is  not  revealed  by  pressure  or  by  any  other  method  of  irritation. 
litis  cond!li(Vi  is  found  in  neuralgia,  spinal  'jritation,  hysteria,  etc     it 
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is  interesting,  also,  to  know  that  eleclric  examination  sometimes  indi- 
cates abnomiities  in  the  sensitiveness  of  certain  parts  of  the  body  that 
exhibit  no  fuiiciional  derangement.* 

SympaHutic  and  Pneumogastrif. — The  ganglia  of  the  cervical  synipa 
iliettc  and  the  imcumogastric  may  be  examined  electrically  by  the  innei 
border  of  the  stern o-clcido-masto id  muscle.  Sometimes  there  is  abnur- 
nial  sensitiveness  all  along  the  border  of  the  stemo-cleido -mastoid 
nmscle  in  llie  track  of  the  iniemuuga^tric.  'lliis  scn&itivencss  h.  found 
in  a  large  number  of  paiholugical  conditions,  loconmiur  aiaxio,  muscular 
atrophy,  various  cerebral  affections,  etc.  We  have  observed  it  also  in 
spinal  irritation,  and  during  paroxysms  of  sick  headache.  This  abnor- 
mal sensitiveness  may  be  frequently  demonstrated  by  mechanical  pres- 
sure. Wc  are  disjiosed  to  regard  tills  sensitiveness  as  due  to  the  pneutno* 
gastric  more  than  to  the  sympathetic. 

EUitro-mtiseuhr  SemlbltUy. — Electro-muscular  sensibility  includes  a 
feeling  of  pain  and  a  feeling  of  contraction.  The  latter  may  exist  with- 
QUI  the  former. 

Success  in  investigating  electro-muscular  sensibility  depends  on  the 
condition  and  intelligence  of  the  patient 

In  conditions  of  cutaneous  hypernesthesia  it  is  exceedingly  difficult, 
tven  for  the  most  intelligent  patient,  to  distinguish  between  the  vensi- 
livcncss  of  the  skin  and  that  of  the  muscle. 

In  paralysis  electro  muscular  sensibility  is  Frequcnlly  diminished, 
together  with  the  clcclro-miiscular  contractility ;  they  often  rise  and 
fall  together.  In  hysteria,  eleciro-muscular  sensibility  to  i»ain  is  somc< 
times  greatly  increased,  tor  remarks  on  the  physiological  nature  of 
electro-muscular  sensibility,  see  Electro-Physiology,  p.  14H. 

Siiondly.  Thi  Jnci  that  the  eUctrO'tnuscular  eontracllHty  and  trrtta* 
b'UUy  ar<  more  er  Itss  modijud  by  distase. 

Irritability  strictly  refers  to  the  quivering  which  muscles  exhibit 
under  mild  currents ;  contractility  to  ^q  power  of  actually  contracting 
under  whatever  strength  of  current  may  be  necessary.  The  two  terms 
are  very  frctjuciilly  used  interchangeably. 

That  muscular  contractions  can  be  produced  by  tlie  electric  currents, 
has  been  known  since  the  period  of  the  earliest  investigations  in  the 
dct>artment  of  electro  physiology. 

The  first  systematic  attempts  to  make  this  a  basis  for  establishing 

differential  diagnosis  were  made  by  Ur.  Marshall  Hall,  and  subsequently 

by  Dr.  Todd.     The  concUisicns  of  tJicsc  diiitingiiisbed  exiierinientcr! 

are  qnttc  familiar,  and  as  they  were  iinsitisfactory  and  jtarilyenoncrus, 

*  Bonrditct  op.  rit..  p.  6a 
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it  ts  not  necessary  to  present  iheiii  in  delail.  More  rcccni  iiiveatiga* 
tions  have  establuihed  that  ihc  behavior  of  the  tieep-sealed  muscles,  ia 
regard  to  their  conlractility,  is  a  inucli  more  complicated  question  than 
was  fornieily  supposed.  Trie  contraclile  power  of  a  muscle  is  made  up 
of  two  factors,  viz.:  the  excitability  of  the  intra- muscular  nerve-^brea, 
and  the  functional  capacity  or  irritability  of  the  muscular  substance 
itself.  UTien,  therefore,  the  contractile  power  of  a  niuicle  differs  in 
any  respect  horn  the  normal,  this  variation  niay  be  due  to  an  abnormal 
condition  of  either  one  or  boUi  of  these  factors.  Still  further,  it  is 
staled  that  when  tlie  excitability  of  the  intramuscular  i)crve-6Ues  and 
Ihe  irriiability  of  the  muscular  substance  are  increased,  yet  if  the 
former  has  suffered  more  than  the  latter,  the  contractile  power  may  b(* 
tiiminished,  and  vice  I'crsA. 

In  comparing  healthy  with  diuascd  iuiis  in  paralysis,  it  is  necessary 
to  uie  not  only  the  same  itrength  oj  current^  but  also  the  same  relative 
position  and  pressure  of  the  electrodes. 

'J1ic  general  princiiilcis  tbat  have  thus  far  heeii  established,  in  regard 
to  ilic  rclatiun  of  elect ra-nnisctilar  cuntraclilUy  to  disease,  arc  as  fol- 
'owi : — 

jsL  In  paralysis  of  motion,  the  electro -muscular  contractility  is 
*omctimes  normal,  occasionally  increased,  and  very  frfjuenUy  dimin- 
ished. 

Jncrease  of  electro-mascular  contractility,  or  at  least  of  irritability,  may 

^e  obser\'ed  in  diseases  of  the  brain,  attended  with  irritative  legions,  vu 

«:icrtain  spasmodic  and  hysterical  atTections.  and  occasionally  i:i  loco- 

k!tooior  ataxia.     Diminution  of  electro  muscular  contractility  is  usually 

vsbseived  in  grave  legions  of  tlK  anterior  colmuns  of  the  spinal  cord, 

^uid  motor  tract  of  the  brain,  in  rheumatic  paralysis,  lead  palsy,  in  wcll- 

*uarked  piogressive  muscular  atro|jliy,  and  m  paralysis  frum  injury  of  a 

Tivrve  in  some  port  of  its  course. 

2d.  In  certain  central  diseases,  the  electro -muscular  contractility  is 
At  first  normal  or  diminished,  and  afterwards  increases  with  t!ie  |>rogress 
of  the  disease,  until  it  becomes  greater  than  nonual. 

The  length  of  time  that  is  necessary  to  illustrate  these  variations  de- 
pends on  the  nature  of  the  disease.  In  chronic  inflammations  of  the 
spinal  cord,  in  effusions  in  the  brain,  causing  hemiplegia,  tht-sc  varia. 
_tions  may  run  through  many  weeks  and  months.  In  cases  of  h«miplc- 
also,  these  different  conditions  of  the  electro -muscular  contractility 
may  run  in  a  circle ;  being  sometimes  norm.i],  sometimes  increased. 
and  sometimes  diminished  (Hcncdikt).  .\!1  these  changL-s  correspond. 
of  course,  to   certain  changes  in   the   pathological   condition  of  the 
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diseased  brain.    Just  n'hat  itiis  correspondence  U  io  each  case,  cannot, 
in  llic  present  stale  of  eleclro-iialhological  science,  be  well  determined- 

,ld.  Tlic  fact  that  certain  forms  of  paralysis  behave  very  diiTcicnily 
under  the  faradic  and  the  galvanic  current.  Muscles  ovlt  which  a 
faradic  current  can  have  no  influence,  may  contract  eaiily  under  & 
milder  galvanic  current  than  is  necessary  to  produce  contractions  o(  the 
same  muscles  in  health.  Sometimes,  as  the  paralyzed  muscles  lecover, 
ihiy  regain  their  power  of  contracting  under  the  faradic  current,  at  the 
same  time  proportionately  losing  their  contractiliiy  under  the  galvanic 
current.  This  law  is  most  readily  demonsiraicd  in  peripheral  facial 
paralysis. 

This  fact,  that  in  certain  periplieral  paralyses  gahanfi  muscular  con- 
tractility may  remain  ajter  faradomuscular  tontractihty  is  ttfhoily  lost, 
was  first  pointed  out  by  Baierlaclicr  in  1859.  His  observaiiuns  have 
since  been  confirmed  by  S<;hidz,  Meyer,*  Althaus,  Hammond.  Radcliffe, 
Zicmssen,t  Legros  and  Oninm9,J  oursclvcs,g  and  other  observers.  (See 
section  on  )>eri))her3]  paralysis.) 

Some  of  the  mure  specific  principles  on  which  electricity  is  used  as 
a  means  of  diagnosis  in  medicine  may  be  thus  stated.  Although  con- 
tractions occur  only  on  closing  or  opening  the  current,  yet  we  distin- 
guish four  kinds  designated  by  the  following  abbrcviatjon* :  lat,  C.  C. 
C. ;  ad,  A.  O.  C. ;  3d.  A.  C.  C. ;  4tli.  C.  O.  C. 

Tlie  first  is  the  catkoital  closure  contraction,  aivd  occurs  when  the 
cathode,  or  negati^-c  pole,  is  applied  to  the  nerve  or  nuisclc,  and  the 
current  closed. 

The  second,  anodal  opening  contraction,  occurs  when  the  anode  or 
jjositive  pole  is  applied  lo  the  nerve  or  muscle  ami  the  circuit  opened. 

The  third,  anodal  closure  contraction,  occurs  wheif  the  anode  is  ap- 
plied and  the  current  closed. 

The  fourth,  cathodal  opening  contraction,  occurs  when  the  cathode 
is  applied  and  the  current  opened. 

The  readiness  wiili  which  these  various  contractions  are  induced 
relatively  to  each  other,  depends  altogether  upon  the  strength  of  the 
current  and  the  condition  of  the  nerves,  whether  diseased  or  healihy. 
If  on  the  lieahhy  nerve  or  muscle  the  negaiivc  ^mle  is  presfetl,  and  a 
currenl  of  sufficient  strength  employed,  it  will  be  found  that  on  closing 
the  circuit  a  conlraclimi  takes  place.  In  order,  however,  to  induce  a 
contraction  of  the  same  vigor  on  opening  the  circuit,  it  is  necessary 


• 


•Op,  cit.,  p.  417. 
{Op.  cit.,  p.  61. 


4  EterlrUitSI  in  Jer  <HfeJitiH.  1S66,  p.  7^. 
g  Mw  y^ri  MeJiiat  Reeard,  1S6S,  p.  409. 
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Hut  Oic  strength  of  the  current  be  increased.  Each  one  can  readily 
confirm  this  statement  for  Iniiisfiir,  and  by  experlnieiiling  tl:orough1y  it 
will  be  found  that  contraction  in  the  healthy  muscle  occurs  in  the  order 
just  given. 

In  diseased  conditions,  however,  this  formula  is  subject  to  great  vo* 
TUttous.  The  leadine&s  with  which  a  inu&cle  contracts  to  electrical 
influences  may  be  increased.  This  occurs  in  certain  cases  of  hemi- 
plegia associated  with  an  irritative  lesion ;  and  in  the  early  stages  ai 
facial  paralysis  due  to  the  action  of  cold  associated  with  a  rlu-umatic 
diatlicais.  In  these  cases  the  mlra-mubcular  nerves  are  attacked  from 
ihe  beginning,  while  there  is  but  little  if  any  alteration  of  the  muscular 
fibres.  The  faradic  current  causes  contractions  through  the  inlia>inuscu- 
l*r  Dcrves  ;  therefore,  in  case*  siicii  a*  tlie  above,  its  power  lo  produce 
'"Uicular  contractility  is  lost.  The  galvanic  current,  acting  more  cs|tc- 
H  cially  on  the  muscular  fibres,  retains  its  [lOwer,  and,  as  expL-rieiKe  sliows^ 
^^M  1  milder  airrent  will  cause  contr.actions  than  is  found  necessary  for  the 
^H  ^Uhy  muscle.  As  the  jiatJent  improves,  it  takes  an  increased  tension 
^H  o/*  galvanism  to  cause  the  same  effects,  until,  finally,  farado-nimcular 
^H  ^oniraciility  becomes  n)imifesc.  Again,  tlie  readiness  of  contraction 
f  'na.y  be  decreased  and  finally  abolished,  as  in  the  late  stages  of  bulbar 
I  ^'"■aiysis  ;  occasionally  in  ijaralysis  following  acute  diseases,  iu  myelj- 
**»    and  in  progressive  muscular  atrophy. 

*^e  above  are  termed  tiuanti/atire  reactions,  consisting,  as  has  been 
^*-*^«l,  in  a  simple  increase  ox  diminution  in  the  ciuicknesa  of  re- 
*^^^nse  to  a  current  of  given  strength.  Qualitative,  which  includes  as 
^^L^^^lQuiniitaiive  changes — in  oilier  words  termed  the  reaitwn  0/  tltgen- 
^^^^'^^lion—non-iXsx.  in  an  alleraiiou  in  the  order  of  occurrence  of  the 
I  ^^titr-Tctions.  These  clianges  are  observed  in  any  form  of  trauinalic 
"^-Tilysis  where  the  continuity  of  the  nerve  has  been  completely  intcr- 
^*Vt«l)  in  rheumatic  paralysis  associated  with  comiiression  at  some 
^^nt  of  the  nerve,  in  lead  palsy,  many  fonns  of  infantile  paralysis,  in 
Vwnal  paralysis  where  the  gray  matter  is  much  involved,  in  prngreshive 
^iuscular  atrophy,  in  some  cases  of  neuritis,  bulbar  paralysis,  in  casea 
^~^f  pressure  on  the  nerve  by  tumors  or  cicatrices,  etc.,  and  in  some 
t>aralyses  the  result  of  acute  diseases. 

The  normal  formula  becomes,  in  the  above  cases  of  paralysis,  sub- 
icci  to  the  following  changes:  The  negative  pole  at  its  closure  (C.  C. 
C)  becomes  as  weak  or  even  we.iker  than  the  posilivc  (A.  C.  C),  and 
the  positive  pole  at  its  opening  {\.  O.  C. )  becomes  wealter  than  the  neg- 
■tive  at  its  oi>ening  (C.  O.  C),  At  tlic  same  time  the  contractions  be- 
come  weaker  and  less  rapid  than  in  hcalUt.    When  the  circuit  is  closed 
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the  coDlractions  arc  also  liable  to  become  tetanic,  while  rapid  intcmip 
tions  of  the  golvaiuc  current  utterly  fail  to  call  forth  any  reiipunsc. 

Veiitional  Qmlractiliiy  may  exist  when  Electr<f<otUra(tility  is  di- 
minisheti. — The  volitional  fjuwcr  may  remain  when  the  electric  contracli- 
Wxj  is  diminished.  If  a  muscle  exhibits  diniinutiun  or  contractility  uudei 
electric  iff  itatioti,  but  reacts  nontully  to  the  will,  the  conclusion  isthat 
the  niuiclc*  is  not  injured,  but  that  the  abnonuily  is  caused  by  change  in 
the  iniiability  of  the  intra-muscular  nerves.  This  is  observed  in  certain 
stages  of  traumatic  and  laid  paralysis.  We  arrive  at  the  same  conclu* 
iion  in  those  cases  where  the  muscles  refuse  to  contract  under  diieci, 
but  respond  niirmalty  to  indirect,  electrization. 

Muscles  of  the  eye  are  an  exception  to  this  rule,  since,  from  their 
anatomical  position,  they  caunot  be  made  to  contract  by  direct,  but 
only  by  indirect,  reflex  action  from  the  fiftli  pair. 

Cases  where  reaction  is  lost  both  to  tlie  will  and  electricity  indicate 
actual  injury  of  the  muscle. 

Kurthcrmure,  it  sliould  be  considered  that  the  clcctro*mu3Cular  con- 
tractility and  sensibility  of  diseased  niitsclcs  utiy  be  and  are  greatly 
modified  by  the  treatment,  botli  permanently  or  tcmiwrarily.  Modifi- 
cation may  lake  place  even  (hiring  the  seance. 

2'hirdly.  'I'liat  the  special  physiahgual  reactions  of  the  «ntrai 
and  peripheral  nervous  sysietiu  to  the  f;a/ta/tie  eiirrerit  are  cstrntiaity 
changed  when  the  nerve  is  in  a  pathological  condition. 

This  is  true  of  the  spinal  cord,  the  motor  and  sensory  nert'es,  spinal 
cord  and  nerves  of  special  sense,  and  of  the  synii»atheiic.  According 
lo  Benedikt,  if  the  negative  pole  I'a  placed,  for  example,  on  the  pero- 
neal nerve,  and  the  positive  on  the  patella,  with  an  interrupted  current, 
a  weaker  irritation  appears  than  when  the  positive  iwlc  is  placed  oa 
the  cervical  nr  lumbar  verCebr.-e-  The  more  the  central  pails  arc  in- 
cluded in  tJie  circuit  the  greater  the  irritation.  In  pathological  con- 
ditions this  reaction  is  changed. 

Opening  rontrixeiions  are  regarded  by  Benedikt  as  characteristic 
evidences  of  certain  forms  of  locomotor  ataxy.  They  arc  observed 
also  in  neuritis  and  in  chorea  minor.  They  indicate  a  molecular  dis. 
turbance.  They  accompany  both  increased  and  diminished  irritability, 
usually  the  latter.* 

Nerves  o/Speaa'  Sense. — ^The  changes  of  the  reaction  of  the  nerves  of 
special  sense  to  electric  irritation  may  be  botli  quantitative  and  qkalitetivt 

•  Thc«  views  of  Beneilikt,  canccmin^  the  sigi]ificani.-e  or*'o|>ciiim;  coatractloiai," 
have  Ikcii  »c\mcIj  -rilLiieJ  hy  Btcnncr  ("  Unteriuchungca."  &c.,  Bd,  it,  1369,  p. 
115.  «  *=^  J- 


ABNORMAL    REFLEX    IRRITABILrry. 


285 


Auditory  Nervt. — It  has  been  shown  that  the  reaction  of  the  auditorj 
nerve  to  galvanic  irritation — the  strong  sulijective  sensations  of  soiiiid 
—1$  materially  changed  by  disease ;  and  by  this  we  judge  of  lh< 
conditbn  of  the  nerve.     (See  Diseows  of  the  Ear.) 

Optk  Nftve. — The  reaction  of  the  optic  nerve  nnder  the  infln. 
ence  of  the  galvanic  current,  is  attended  with  flashes  of  liglit.  The 
■^tiaiit-itive  changes  in  reactions  of  the  optic  ncrvc  to  electrical  irrita- 
tion arc  numerous.  In  certain  pathological  cases,  as  we  have  observed, 
flashes  of  light  may  be  produced  by  the  faradlc  current.     In  other 

I       pathological  cases,  as  severe  atrophy  of  the  retina,  the  dashes  of  light 
do  not  appear  during  galvanization,  or  only  when  a  very  strong  current 
H  ttscd.     We  have  observed  very  marked  cliffurenccs  in  the  reaction  of 
Ihe  optic  nerve  in  the  two  eyes  when  one  was  diseased  and  the  oihci 
Wealthy.     Flashes  of  light  from  galvanization  of  ihc  lower  i>arl  of  the 
'pme  we  indicative  of  abnormal  irritability  or  organic  di.«case  of  the 
^inal  cord.      They   are   observed   in   locomotor  ataxia  and   spinal 
"Titarion. 
Oif(utory  and  Gustatory  Nerves. — The  pecnliar  smell  that  is  ex- 
perienced on  galvanization  of  the  olfactory  nerve  may  be  either  in- 
*^«^:ued  or  diminished  by  disease.     It  is  absent  in  paralysis  of  the  olfar 
'**''^  nerve. 

*nic  peculiar  metallic  taste  that  follows  galvanisation  of  the  longr.e, 

*~     Ihat  is  experienced  by  rctlex  action  when  the  galvanic  current  is  a[»- 

"**^(lon  the  neck  and  upper  part  of  the  spine,  is  subject  to  various 

^"^  ■*^^di6cations  by  disease.     In  irritable  conditions  of  the  cord  we  have 

^-^^wnred  that  this  metallic  taste  will  appear  when   the  application  is 

^^^c  in  the  lower  part  of  the  spine-     In  two  striking   instances  it  was 

^^perienced  from  faradization  of  the  cilh-spinni  le^xon. 

Fourth-   The  fad  that  in  certain  antral  diseases,  and  in  conditions 

--^  ireat  irritability ^  as  hysteria^  the  rejitx  effect  of  the  current  is  so 

^^^nlted  as  t&  excite  reactions  that  in  a  normal  condition  of  the  body  never 

*^^fmr.      Thus,  in  a  lady  of  middle  life,  xvho  for  several  years  had  suf- 

**;red  from  all  the  symptoms  of  dccl.ircd  chronic  mycSitts,  we  were  fir«^ 

ttnick  by  the  fact  tliat  even  a  very  mild  current  over  the  upper  portion 

cif  the  back  was  sensitively  felt  down  the  right  leg.     This  symjitom  we 

h;ve  never  known  to  occur  in  a  perfectly  healthy  condition  of  the 

spinal  cord.     Afterwards  we  found  that  a  very  short  a*  well  as  very 

mild  application  of  the  current  to  one  leg  caused  a  disagreeable  feeling 

of  pain  and  heaviness  not  only  in  this  leg,  but  also  in  the  other,  for 

lereral  days  following  the  application.     In  another  case  of  general 

paraljrsJs  dependent  on  hysteria,  a  very  feeble  current  localized  in  one 
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hand,  or  in  one  foot,  wrould  be  npprcciably,  and  oftentimes  itainfuU^ 
felt  through  all  the  four  exlrciiiitie&.  The  |)atient  declared  that  Iht 
H^^nsation  was  like  that  of  "waves  rolling  through  the  body." 

A  still  more  marked  ilUistiation  of  this  diagnostic  power  of  elcrtruar 
lion  was  the  following  : 

In  tlie  case  of  a  lady  whose  lower  limbs  had  been  somewhat  para- 
lyzed for  two  yeant,  who  presented  no  marked  symptoms 'of  se^-ere 
organic  disease  of  the  conl,  we  were  inclined  to  suspect  that  htr  para- 
plegia might  be  due  to  nervous  exhaustion,  until  this  abnomial  rcdcx 
sensitiveness  to  the  electric  current  seemed  to  esublish  the  existence 
of  myelitis,  or  at  least  meningitis.  We  first  observed  that  a  fetble  cur- 
rent it)  (he  neck  was  felt  down  the  spine,  and  subsequently  the  iiatient 
complained  that  a  strong  current  down  the  lower  exlranities  trans- 
mitted pain  to  the  back.  The  occum^nce  of  this  abnormal  symptom 
forced  US  to  the  nnwilling  conclusion  that  wc  were  dealing  with  a  case 
of  organic  disease  of  the  spine.  The  subsequent  history  of  the  case 
has  conhniied  this  diagnosis.  It  has  been  shown  by  Bcncdikt,*  that, 
in  certain  morhic!  conditions,  electrijiation  of  one  extremity  produces 
contractions  in  the  other.  Ttiis  plicnonjcnon  has  been  observed  in 
progressive  muscular  atrophy,  and  in  certain  reflex  neuroses.  In  a  case 
of  rheumatic  gout  that  we  treated  the  application  of  the  galvanic  cur- 
rent to  the  left  knee  caused  a  sharp  pain  in  the  corresponding  part  of 
the  right  knee. 

This  fact  enables  us  not  only  to  make  a  diagnosis  of  central  disease, 
but  in  certain  cases  even  to  susp>r;ct  the  seat  of  the  aiTeclion. 

We  are  confident  that  in  alt  cases  of  crossed  reriex  contractions 
— ^just  as  in  the  cases  of  crossed  reflex  sensation  above  cited — there  is 
always  some  central  disease.  This  symptom  when  it  occurs  mar  per- 
haps then  be  regarded  as  so  far  forth  diagnostic 

Crossed  reflex  sensations  and  crossed  reflex  contractions  may  be 
manifested  simulianenusly  in  a  patient  affected  with  organic  disease  of 
the  spinal  cord.  This  singular  coincidence  was  observed  in  the  case 
above  recorded  cf  0\c  lady  who  com[>laincd  of  waves  of  sensation  all 
o*'cr  the  body  when  ihc  current  was  applied  to  any  one  of  the  four  ex- 
tremities. These  peculiar  sensations  \vere  sometimes  accom|>anied  by 
feeble  and  sptismodic  .nuscular  contractions. 

General  shaking  and  tremor  of  a  limb,  or  of  the  whole  body,  after 

electrization,  is  also  diagnostic  of  central  disease.    Wc  have  observed  it 

in  one  case  of  softening  of  the  brain,  and  in  a  number  of  ca-ses  of  hemi> 

ptegta.     This  general  or  partial  tremor  does  not  ap{  ear  unless  a  con 

*  Die  Elekrroiherftpie,  fk  6}. 
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sideribic  strecgth  ol  current  has  been  employed,  or  Uie  applicaiion  has 
been  much  prolonged. 

DipUgic  Contracticns. — Remak,*  of  Berlin,  was  the  first  (o  note  th'i 
EiCt,  that  contT3ction&  of  tlie  muscles  of  one  or  botli  of  the  upper  cxtreini 
tics  may  sometimes  be  produced  by  placing  the  positiTc  pole  in  thf 
uiriculo-maxiltary  fossa,  jtist  posterior  to  the  ascending  ramus  of  the  lowci 
iaw,  and  the  negative  by  llie  side  of  the  sixth  cervical  vertebra.  Th(; 
iheory  o(  Remak,  that  these  contractions,  to  which  he  gave  tlie  name  of 
"  iiipiegie"  were  caused  hy  irritation  of  the  sui»erior  ganglia  of  the  syin 
paihctic,  was  apparently  confinned  by  Fiel>er,f  by  cxpcrimenis  on  ant 
mals  in  whom  the  sympathetic  was  exposed,  and  subjected  to  the  action 
(rf  the  current. 

Strong  currents — from  twenty  ro  forty  elements — are  usually,  though 
not  always,  necessary  to  produce  these  contractions.  The  contractions 
■may  be  of  various  degrees,  from  mild  drawing,  with  scarcely  perceptible 
oscillations,  to  violent  movements  resembling  chorea.  They  may  a]>pcai 
in  the  intcrossci  or  in  the  muscles  of  the  arm  or  forearm  of  one  or  botJi 
»drs.  They  may  also  appear  in  other  positions  of  tlie  electrode  than 
'iie  one  described.  From  one  to  five  minutes  are  usually  necessary  to 
excite  ihem,  and  tlicy  may  continue  for  a  few  moments  after  the  appti' 
Cation  has  ceased. 

That  these  so-called  diplcgic  contractions  arc  a  reality  and  not  a  dc- 
'tasion,  as  some  have  declared,  we  have  demonscraled  in  a  number  of 
^ases,  and  especially  in  progressive  muscular  atrophy.  The  cases  where 
*Hey  are  readily  den)Dn.stratcd,  arc,  according  to  oiir  observation,  not 
^■"cqucnt,  and  we  can  easily  sec  that  one  might  practise  electro  therapeu- 
'^ics  for  a  long  lime  without  seeing  any,  especially  as  currents  of  con- 
fcidcrabic  strength,  applied  in  a  certain  manner,  arc  necessary  to  pro- 
c3uce  them. 

The  evidence  that  these  contractions  occur  exclusively  through  the 
sympathetic  is  not  to  our  view  satisfactory,  and  there  is  stronger  proba* 
bitity  ihat  tlic  spinal  conl  is  the  centre,  which  in  certain  irritable  con- 
ditioDs  exhibits  these  manifestations  under  strong  electrical  stimula- 
tion. In  none  of  the  methods  of  application  where  these  diplegic  con. 
irsciions  are  called  forth  is  it  possible  to  localize  the  current  in  the 
sympathetic.  The  si>ecial  diagnostic  value  of  these  contractions  is  nui 
greit.  They  occur  not  only  in  progressive  nuiscular  atrophy,  but  in 
hj-sleria  and  h)  steroid  affections,  and  would  appear  to  be  pathogno- 

*  Ap[>Iicatiaii  liu  courant  constant  au  tfaitemmt  Aa  neuroiet.     Paris,  1S65. 
f  I>ie  diplcgbchen   Conlractionen   nach   Venuchen  wi  McDKheo   und  Ttlerca 
Uerlio,  1S66,  pp.  31,  aa,  2> 
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monic  of  no  one  special  disease,  but  rather  of  n  condition  of  irritabiUt) 
of  the  nerve-centres  that  mayapi>ear  in  many  different  diseases. 

Feigned  Diseases. — By  the  application  of  the  principles  stated  above 
the  electric  currents  may  be  of  great  service  in  helping  us  to  disiinguisn 
real  from  feigned  disease.  A  case  of  pretcndt:d  par.ily&is  of  motion  ot 
scnsaiion  can  readily  be  settled  by  ni>p!ying  the  airreni  to  the  limb. 
since  no  force  of  nill  can  fully  resist  the  energy  of  the  contractions  that 
electritily  may  excite  in  healthy  muscles,  or  the  i>ain  that  can  be  pro- 
duced by  strong  faradization  of  the  skin.  The  principle  will  work  both 
ways,  and|  if  the  elL'Ctro-muscular  contraclility  is  diminishes)  below  the 
normal  standard,  wc  may  know  that  the  disease  is  real.  Where  one 
side  or  one  limb  only  is  affected,  the  comparison  between  the  healthy 
porrions  and  those  where  disease  is  suspected  can  easily  be  made.  Dr. 
Russell  Reynolds*  mentions  a  patient  with  hemiplegia  wIk)  was  su(>- 
irosed  to  be  malingering.  Electrization  of  ihe  limbs  un  both  sides 
showed  clearly  a  diminution  of  contractility  on  one  side,  as  the  )>atient 
represented,  and  accordingly  the  case  was  pronounced  to  be  one  of  real 
hemiplegia. 

Dr.  Atthaus  f  records  a  case  of  sutipected  malingering  that  he  studied 
by  the  aid  of  electricity.  A  member  of  a  worbingmen's  benefit  soti- 
±ty  professed  that  he  had  lost  the  use  of  his  arm  in  consequence  of  an 
arxideut — a  fall — three  years  brfore.  The  cpieslion  was  whether  the 
society  should  give  hiui  tlic  ^loo  to  which  permanently  incapacitated 
members  are  entitled  The  patient,  though  tail  and  strong,  had  done  no 
work  since  the  accident,  and  professed  to  be  unable  to  undress  himseir 

On  examination  with  the  faradic  current,  Dr.  Allhaiis  found  that  all 
the  muscles  of  the  arm  rrspoudcd  without  diffiaiUy  ;  he  therefore  con- 
eluded  UiaC  the  nerves  and  muscles  were  uninjured — in  other  words, 
that  there  was  no  paialysis.  He  found,  however,  that  when  a  very 
strong  current  was  used  the  patient  appeared  to  suffer,  but  the  arm  did 
not  execute  the  movements  it  should  do  when  the  muscles  contracL 
Accordingly,  he  had  the  patient  anesthetized  by  nitrous  oxide  gas,  in 
order  to  sec  whether  any  anchylosis  existed  thai  might  interfere  with 
the  movements  of  the  arm.  It  was  found  that  no  anchylosis  existed. 
Dr.  Althaus  gave  a  certificate  that  the  patient  had  no  paral>-sis  and 
no  anchylo!iis  or  dislocation,  but  that  there  was  a  painful  affection  of 
;hc  joint  which  would  yield  to  subcutaneous  injections  of  morphia  and 
galvanism,  and  that  the  patient  could  use  the  arm  if  be  wished  to. 
The  claim  for  benefit  money  was  disallowed. 

Faraifizatioii  as  a  means  of  distinguishing  real  from  apparent  death— 

*  I.ancet,  April  [6,  yt-jo,  \  Thinl  Edition,  p.  455. 
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Bit(tro-Bi<n(opy. — The  use  of  electricity  as  a  means  of  dstinguishing 
real  from  a|)par«nt  death  was  suggested  as  long  ago  as  1 793,  by  Drs. 
Behrcnd  and  Creve.  Subsequently  Boer,  of  Vienna,  used  franklinic 
electricity  on  newly-bom  infants,  and  found  that  when  muscular  con- 
tractions still  exisilcd,  tlien  the  child  was  not  dead,  but  could  be  re> 
stored. 

In  1853,  Or.  Criinotel,  of  Paris,  w'tx>te  a  memoir  in  wliidi  Itc  stated 
that  when  Jarado-<ontra£tility  is  gone,  life  is  extinct  He  stated  fur- 
thermore that  farado  contractility  gradually  disappears  after  death,  and 
that  after  a  period  ranging  between  half  an  hour  and  two  hours  it  en- 
tirely disappears.  He  suggested  the  term  eiectro-btosiOfiy,  and  recom- 
mended that  tliose  who  ure  apparently  dead  from  drowning,  syncope, 
apoplexy,  freezing,  hysteria,  and  the  inlialation  of  poisonous  gases, 
should,  before  burial,  be  tested. 

Rosenthal,  of  Vienna,  has  also  studied  the  subject  with  much  care. 
He  lias  found  that  both  farado>  and  gal vaiio- contractility  gradually  disap 
t*ear  after  dtith.     He  agrees  in  the  main  with  Crimotel  in  the  follow- 
ing general  conclusions ; 

EUciro-contraciiiUy  disappears  more  rapidly  ajUr  dcaihfrom  chronic 
^fian  acute  diseases  ;  it  persisis  longer  in  iveU  than  in  badly  nourished 
dioiiics,  and  if  usually  disappears  within  three  hours. 

Rosenthal  found  that  in  amiiuratcd  limbs  the  farado-  and  galvano-con- 
trjcliUty  were  active  the  lirsl  hour,  and  entirely  disappeared  in  ninety 
tninutes.  In  case  of  drowning  electro-contractility  disappeared  in  three 
[boors  and  a  quarter.  In  some  c.^■ie3  where  rigor  mortis  has  not  ap- 
peared, where  the  temperature  of  ihc  body  is  yet  quite  high,  and  wh^re 
the  joints  are  flexible,  the  absence  of  electro  contractility  yet  prove* 
beyond  (picstJon  that  the  person  is  dead. 

Rosenthal  further  records  a  very  remarkable  case  of  trance  in  a  hys- 
terical woman,  where  it  was  declared  and  believed  by  the  physician 
that  the  patient  was  dead.  The  skin  was  pale  and  cold  ;  the  pu- 
pils contracted^  and  not  sensitive  to  light ;  no  piiUe  could  be  felt ; 
the  extremities  were  relaxed ;  incited  sealing-wax  dropped  on  the 
skm  caused  110  reflex  movements,  and  no  moisture  appeared  on  a 
mirror  held  before  the  mouth.  Rcsiiiratory  murmurs  coulil  not  be  heard, 
but  a  feeble  intermittent  sound  in  the  cardiac  region  was  just  percepti- 
ble on  auscidtatjoii.  For  thirty  two  hours  the  patient  had  *ieeu  appar 
ently  dead ;  but  on  electric  examlnarion  Rosenthal  found  farado-coH' 
tratti/ity  in  the  muscles  boih  of  the  face  and  the  exlrcjiiitics.  Ue 
Uitrrcfore  urged  the  use  of  the  faradic  current  to  n-store  thr  ]iatienL 
In  twelve  hours  the  patient  recovered  her  speech  and  cnoveiMcnij 


Tia.  4J. 
Electrode  Eor  Elcfiro-dii^nosii. 

reactions  that  are  associatcil  with  the  many  forms  of  paralysis.  Tr 
will  be  obscned  that  there  arc  three  btnflmg  posts  at  the  lower  ex- 
tremity. The  one  marked  /^  is  to  be  connected  with  the  positive 
pole  of  the  apparatus;  the  other,  marked  jV.  n-ith  the  negative.  The 
third  post  is  lo  be  connected  with  an  electrode  applied  lo  some  in- 
different part  of  the  patient's  body.  The  small  knob  marked  A, 
when  moved  toward  Z',  renders  the  electrode  C  positive;  when  moved 
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toward  iV,  the  tip  becomes  negative.  ^  is  an  interrupting  button, 
which  when  pressed  closes  the  circuit,  and  by  sliding  it  sHghtly  for- 
ward the  circuit  can  be  kept  closed,  when  so  desired,  without  effort 
of  the  operator.  This  form  of  electrode  is  exceedingly  convenient 
ID  electro-diagnosis,  from  the  fact  that,  by  a  simple  movement  of  the 
finger  of  the  hand  that  holds  the  electrode,  the  knob  A  is  moved,  the 
direction  of  the  current  instantly  changed,  and  anodal  or  cathodal 
contraction  elicited  in  quick  succession. 


CHAPTF.R  VIl. 
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Eie<tr0-iktraptutical  anatomy  imludes  a  ducripilon  of  ththea  'iftfs  at 
iv'iuh  the  liijffrent  iifrt'ts,  mitsdet,  and  organs  can  be  lest  affected  by 
the  electric  currents,  and  alio  the  reiative  eleetro-tetuibiiity  of  the  dif- 
ferent parts  of  the  body.  It  is  therefore  to  electro-therai>eutics  what 
fttirgical  anatomy  is  lo  surgery. 

Motor  Points  of  Afuseles. — Tlie  subject  of  the  motor  points  was  first 
systematically  studied  by  Ziemsscn,  who  ex(>erimcntcd  on  the  recently 
dead  subject,  and  marked  with  ultiate  of  silver  the  poinla  at  whidi  tlie 
individual  ueives  and  muscles  must  readily  responded  to  faradi/alioa. 
Many  of  these  points  can  be  easily  and  successfully  studied  on  the  living 
human  subject.  Those  which  wc  have  represented  in  the  cuts  are  derived 
mostly  froiii  numerous  observations  on  persons  in  health.  They  have 
been  found  to  agree  in  the  main  with  those  of  Zicntsscn,  with  x^-hich 
ihey  have  been  compared,  and  by  which  they  have  been  made  more 
accuraie  and  complete.  Those  who  wish  to  examine  the  subject  in 
greater  detail  are  referred  Co  the  work  of  Zlemssen.* 

It  will  be  founil,  however,  lliat  those  which  are  here  described  are 
sufficient  for  most  of  the  purposes  of  eleclro-therapeuiic*. 

The  best  method  of  verifying  these  points  is  It>  place  one  large 
sponge  electrode,  wt-U  nioi-itened,  on  some  indifferent  jioint,  and  to 
firmly  press  a  small  negative  \  electrode,  also  well  moistened,  over  the 
spot  where  the  nerve  or  muscle  should  be  affected.  If  the  nght  place 
is  touched,  and  the  strength  of  the  current  and  the  pressure  be  suffi- 
cient, the  normal  physiological  action  of  the  part  affectc<l  wilt  at  once 
appear.  In  the  case  of  muscles  coniracrion  will  take  place,  accom- 
|>ai)ied  with  a  feeling  of  contraction ;  m  the  cose  of  nerve-branches  and 
|>lexu3es  there  will  be  sensation  more  or  less  painful  along  ihc  periphe- 
ral ramifications  of  tbc  nerves,  and,  if  the  excitation  be  sufficiently 
strong,  contraction  of  die  iniiselcs  whicli  they  &U]>ply. 

*  Die  Eleclricitiit  iit  dn-  Mctliclci.     Berlin,  iS&fi.     p.  I54t  ct  ficq. 
f  TIic  iic^.-ktivc  li  to  be  prcfcrrc<l,  I^c^auk  il  if  iSc  ticonccr,  uid  aeti  more  po««t 
fs!!/  in  proilucing  ropiiictignbk 


J 


BLECTKO-TiiERAPEirriCAL  ANATOMY. 


293 


I 


II  is  noi  to  be  understood  that  a  studluus  regard  for  all  of  these  dec 
iric  points  is  always  neceasar)-  in  making  applications  of  electricity.  In 
tbe  normal  coudition  most  of  die  superficial  and  many  of  the  deeper 
uinsclcs  and  nerves  are  easily  excited  by  ordinary  labile  applications 
with  large  sponge  electrodes.  Some  of  the  muscles  have  two  or  more 
motor  points,  and  are  therefore  more  readily  affected  by  large  than  by 
anaU  electrodes. 

A  lar^c  sponge  electrode  of  from  3  to  6  or  8  inches  in  diameter,  folded 
Over  a  brass  ball,  such  as  is  used  in  general  faradiiraiion, — causes  full 
contraction  of  a  majority  of  the  superficial  and  deep  muscles  when  rapidly 
passed  up  and  down  the  limbs. 

But  when  the  muscles  have  become  diseased,  so  that  they  respond 
vrith  difficulty  to  the  electric  current,  it  becomes  necessary  to  give  ape* 
cial  heed  to  the  situation  of  these  motor  points,  in  order  to  determine 
^lieir  actual  electric  condition,  or  to  aid  in  restoring  tliem  to  their  nor 
*~nal  condition  by  exciting  artilicial  contraction. 

It  should  be  remarked  furthermore,  that  these  motor  points  vary  in 
^ifTercnt  individuals,  just  as  the  anatomical  relation  of  the  nerves  and 
wnuscles  varies,  and  that  the  representations  of  the  cuts  can  be  only 
approximately  correcL 

The  (Joints  at  which  the  nerves  and  muscles  of  the  eye,  ear,  and 
1ar)'nx  can  be  best  electrized,  also  the  best  method  of  electrizing  the 
cesophagus,  rectum,  genital  and  abdominal  organs,  will  be  described  in 
the  chapters  devoted  to  the  diseases  of  those  parts. 

We  present  below  a  brief  description  of  the  points  at  which  the  prin* 
cipaJ  nerves  plexuses,  and  branches  can  be  best  excited  electrically, 
and  also  t)ie  physiological  effect  on  the  nerves  and  muscles  produced 
by  such  excitation. 

Fatutt — at  its  exit  from  die  stylomastoid  foramen,  between  the  mas- 
loid  process  and  the  angle  of  the  lower  jaw,  or  at  the  opening  of  the 
external  auditory  canal. 

Pneumfgaiiric — at  the  lower  and  anterior  part  of  the  neck,  between 
tlie  common  carotid  artery  and  the  jugiUar  vein  ;  in/erior  laryngeal—' 
between  the  u£so|)hagus  and  the  trachea  by  the  ganglia  of  the  sympa- 
thetic 

The  superior  cirrvVa/ ganglion  of  the  sympathetic  can  be  reached  in 
the  anterior  maxillary  fossa,  just  biehind  and  below  the  angle  of  the 
lower  jaw ;  the  middle  eervieal,  by  the  side  cf  the  stemo-cleido-niastoid 
muscle,  opposite  the  fifth  cervical  vertebra  ;  the  inferior  eervical,  also 
by  the  inner  border  of  the  stenio  cleido- mastoid  muscle,  opposite  the 
second  cervical  and  first  dorsal  vertebrae. 
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Accessory — at  its  exit  from  the  stemo-cleido-niistoid  muictc. 

//yfoglossus — between  the  stylahyoid  and  hyoglossm  muscles,  undei 
the  hyoid  bone. 

Phrenic— 9X  the  outer  border  of  the  stemo-cieida-mastoid  muscle, 
by  the  anterior  border  of  the  scalenus  amicus,  near  the  omohyoid  mus- 
cle    Excitation  of  tliis  nerve  causes  strong  movements  of  the  chest. 

Brachial  plexus~\n  the  supraclavicular  space,  posterior  to  the 
outer  border  of  the  stcmo-cleido-mastoid  muscle.  Excitation  of  this 
plexus  causes  a  feeling  of  tingling  and  numbness  in  the  fingers  and 
down  the  arm,  and,  when  the  current  is  strong,  flexion  of  the  forearm 
and  fingers. 

Dorsalis  scapuia — at  the  border  of  the  trapezius,  near  the  accessory. 

Supra  scapularis — ^just  before  its  entrance  into  the  scapula,  and  ex- 
ternal to  the  omohyoid  muscle. 

Anterior  iharatic — at  the  upper  border  of  ihe  pectoralis  major,  belon 
the  clavicle. 

Posterior  thoracic — above  the  clavicle,  near  the  trapeziui. 

The  thoracic  nerves  arc  irregular  in  their  distribution,  and  therefore 
didicult  to  find. 

Axiltary^^X  the  upper  and  posterior  border  of  the  axiUa. 

Musculo  cutaneous — between  the  biceps  and  coraco  brachialis. 

Median — in  the  lower  third  of  the  arm,  at  the  point  where  it  crosses 
the  brachial  artery.  Mild  excitation  of  this  nerve  causes  tingling  in  the 
arm  and  hngers ;  a  strong  excitation  causes  closure  of  Ihe  fingers  and 
pronation  of  the  hand. 

Ulnar — at  the  groove  betn-een  the  olecranon  and  the  internal  con- 
dyle. Exciiatioii  of  this  ncrvz  causes  pain  in  the  inner  surface  of  the 
forearm  and  contraction  of  the  flexor  carpi  ulnaris,  flexor  digitorura 
profundus,  adductor  poUicis  lumbricalis,  and  interossei  of  the  little 
finger. 

Radial — in  the  lower  third  of  the  arm,  at  the  point  of  its  emergence 
from  beneath  ihe  triceps,  Excitation  of  this  nerve  causes  tingling  in  the 
outer  part  of  the  arm  and  forearm,  and  down  to  the  wrist ;  strong 
excitation  )>radiices  extension  of  the  first  phalanges  of  the  fingers,  ex- 
tension of  the  hand  and  thumb  and  supination  of  the  forearm,  contrac- 
tions of  the  extensor  carpi  radialls  and  ulnaris,  extensor  dlgitomm  com- 
munis, extensor  minimi  digiti,  extensor  indicis  prop.,  extensor  poUicis 
longus  and  brevts,  adductor  pollicis. 

Sciatic — in  the  thigh,  posterior  lo  the  head  of  the  femur,  at  the  jwini 
where  the  nerves  issue  from  the  pelvis,  or  in  the  pelvis  through  the 
posterior  wall  of  the  rectum.     Electrization  of  this  nerve  causes  scnsa- 
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tions  o(  tingling  in  the  leg  below  the  knee,  and  foot,  ur.ilar  ic  those 
Mrfaich  we  so  often  experience  when  we  accidental!}'  sit  on  :he  sciatic 
nerve. 

Crura/ — just  after  its  exit  from  beneath  Foupart's  ligament,  exterior 
to  the  crural  artery.  Electrization  of  this  nerve  causes  sensations  in 
those  pirts  of  the  leg  that  are  supplied  by  its  branches. 

Obturator — on  the  horizontal  branch  of  the  pubic  bone.  lfihea|v 
plication  is  successful,  and  tlte  current  used  sufficiently  strong,  the  thigh 
is  abducted. 

Popliteal— \i\  the  outer  part  of  the  popliteal  space.  Elcctrixation  of 
this  nerve  causes  vigorous  contraction  of  the  muscles  that  move  the 
foot  upward  and  outward. 

Peroneal — on  the  posterior  border  of  the  capitulum  fibula*.      Excita- 
tion of  this  nerve  causes  contraction   ciT  the  tibialis  amicus,  pcronei 
tiuzcles,  extensor  digilorum  communis  longus,  extensor  digitorum  com- 
'nunis  brevis,  and  extensor  hallucis  longus. 

Tibial. — ^This  can  be  reached  on  the  middle  and  outer  part  of  the  knee, 
■Vhen   strongly  electrized,  contractions  arise  in  the  muscle  of  llie  pos- 
%«rior  part  of  the  leg.     The  tibial  nerve  can  more  easily  be  reached  in 
^}ie  de[NressIon  posterior  to  the  internal  malleus. 

Farada-sensibiltty  a/  the  SUr/aee  of  the  Body. — Very  many  muscles 

Vaave  no  accessible  motor  points,  and  must  therefore  be  electrized  intra- 

^Knuscularty.     Practically  this  is  done  in  the  majority  of  cases.     We  pre- 

^nt  in  the  accompanying  cuts  a  bird's-eye  view  oi  the  electric  points  of 

■«he  prominent  ner\es,  plexuses  3"d  muscles,  and  of  the  relaiive  son- 

vitiveness  of  different  parts  of  the  surface  of  the  body  to  the  faradic  cur« 

jtenL 

The  relative  sensitiveness  of  the  different  parts  of  the  surface  of  the 
body  to  faradization,  we  have  also  ascertained  by  numerous  compara 
tive  observations  on  persons  in  health,  witli  tlie  moistened  hand  and 
well-moistened  sponge  electrodes.  The  method  of  making  these  obser- 
tions  is  to  place  the  patient  in  the  iK>siiion  for  genera]  faradization,  ?nth 
fais  feel  on  the  plate  to  which  the  negative  pole  is  attached,  while  the 
Kperimcnter  applies  the  positive  all  over  the  surface  of  the  body. 

Degrees  of  Farado-seHsihitity. — Wc  have  disdnguishel  five  degrees 
of  sensitiveness,  die  highest  being  m.irkc(l  one.  For  all  practical  pur- 
l>oses  these  are  sufficient ;  approximate  accuracy  is  all  that  is  attempted. 
The  sensitiveness  of  the  body  when  irritated  by  the  faradic  current  is 
due  partly  to  the  quality  and  position  of  the  sensory  nerves,  and  partly 
to  the  peculiar  feeling  that  attends  muscular  contraction  {elcctIO-mu^ 
C'tlar  sensibility). 
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The  feeling  of  muscular  contraction  amounts  in  some  instances  la 
artual  pain,  so  that  a  part  which  is  not  richly  su|»i>licd  with  scn&or; 
nerves  may  yet  be  very  sensitive  to  the  current  This  U  especially  the 
case  with  the  sterno  cleido-ina&toid  muscle,  whicti  on  being  touched 
near  its  centre  contracts  with  a  painful  jerk.  The  same  is  true,  to  a 
less  extent,  of  (he  trapezius,  the  tlexors  of  the  arm,  and  of  the  pen  nei 
muscles.  In  all  parts  where  no  nmscular  contractions  are  produced, 
the  sensitiveness  of  the  surface  of  the  body  depends  on  the  quality  and 
position  of  the  sensory  nerve^  ami  bears  a  pretty  constant  relation  to 
its  sensitiveness  to  ordinary  mechanical  irritation. 

Thus  ii  vi-iti  be  observed  that  the  parts  which  are  most  sensitive  to  ai 
blow  or  fall,  or  to  any  mechanical  injury, — as  the  head,  face,  or  surface 
of  the  bones,  clavicle,  sttrrnum,  scapula,  i)atella,  etc, — arc  likewise 
marked  highest  in  the  scale  of  sensitiveness  to  the  current 

To  guard  against  error  it  is  necessary— 

1.  To  use  always  the  same  electrode  and  the  same  direction  of  the 
current ;  therefore  the  negative  pole  should  be  kept  at  the  feet  during 
the  entire  sitting. 

2.  To  make  the  pressure  of  the  electrodes  uniform,  and  to  moisten 
well  all  parts  sii|)[)licd  with  hair. 

3.  To  use  the  moistened  hand  for  the  head  and  face-  The  head,  es- 
pecially, is  so  e:cceeding1y  sensitive  to  the  faradic  current  that  tt  will 
hardly  bear  a  sufficient  strength  of  current  through  a  sponge  lo  make  a 
comparative  estimate. 

It  will  be  observed  thai  only  a  few  parts  are  marked  5 — the  middle 
of  the  back,  the  outer  surface  of  the  thigh,  and  the  testicles.  The  peri- 
nteum,  which  cannot  be  represented  in  the  cut,  should  also  be  marked 
5,  It  will  be  observed  that  the  points  most  highly  sensitive  are  those 
where  very  sciiailive  nerves  pass  over  the  surfaces  of  bones,  as  the  head 
and  jaws.  Of  the  other  parts  not  represented  in  ihe  figures,  the  external 
auditory  canal  should  be  marked  t  ;  the  middle  of  the  sterno  cleido-mas- 
toid  muscle,  2;  Ihe  axilla,  3  ;  and  the  ends  of  all  the  fingers,  2;  the 
under  side  of  the  penis,  2  ;  the  point  between  the  penis  and  scrotum,  4 ; 
the  un  Itr  siirfjcc  of  the  heel,  the  plantar  arch,  the  ball  of  the  foot,  4.  If 
the  external  auditory  canal,  drum  of  the  car,  conjunctiva,  nasal  mucous 
ii'cnibrane.  tongue,  and  lai^-nx  were  represented  they  should  be  marked 
a  degree  or  two  higher  than  i,  since  they  are  more  sensitive  than  any 
portion  of  the  surface  of  the  head.  The  best  point  to  test  a  current  of 
extreme  feebleness  is  the  tip  of  the  tongue. 

TAe  r^ffum,  urrthra,  ami  vagina  an  but  little  sensitive  te  the  eurrenS 
in  cempcirison  xoith  the  mucous  meuihranes  0/  the  mouth,  except  at  their 
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external  orifices.    They  might  be  marked  4  or  5.  The  os  uteri  ind  the 
bliddei  would  be  marked  4,  5. 

It  should  be  distinctly  understood  that  these  remarks  apply  to  the 
applications  of  the  faradic  current  with  electrodes  sufficiently  moistened 
to  allow  the  current  to  pass  readily  through  the  epidermis.  In  ihj 
EaradizatioQ  the  results  arc  somewhat  difTerent,  the  pain  at  all  parts  be- 
ing far  less. 

FaraJojensidiiity  as  cornered  with  Galvan&-sensibility. — The  gal- 
vanic current  causes  a  burning  sensation  wherever  it  is  applied  ;  but  this 
is  most  sensitively  felt  at  those  parts  that  are  abundantly  supplied  by 
sensory  nerves.  This  burning  feeling  increases  with  the  length  of  time 
that  the  current  is  applied. 

The  greater  sensitiveness  of  the  bones  to  the  faradic  current,  as  com- 
pared with  the  galvanic  current,  is  due  (o  the  greater  mechanical  action 
of  the  former.  An  iotemipted  galvanic  current,  of  sufficient  strength 
Co  prmlucc  muscular  contractions,  produces  the  same  sensations  as  the 
Cuadic  current,  with  the  addition  of  the  burning  feeling  at  the  sunace 
beneath  the  electrodes.  The  fact  that  the  galvanic  current  is  less  pain- 
ful to  the  surfaces  of  the  bones  gives  it  a  certain  advantage  in  making 
applications  to  the  head,  although  the  pain  of  the  faradic  current,  when 
sippUed  to  the  head  by  the  moistened  hand,  may  be  reduced  to  a  mini- 
cnum. 

A  KnowUdgf  of  the  A'ormal  Electro-sensibility  of  the  Body  essential  in 
EUetT^iagnosis  and  EUetro  therapeuties. — A  knowledge  of  the  relative 
sensitiveness  of  the  different  parts  of  the  body  to  the  electric  current 
indispensable  both  in  electro  diagnosis  and  electro-therapeutics.  It  is 
[«  once  obvious  that  to  determine  by  the  electric  test  the  extent  of  ana:s- 
ihesia,  or  loss  of  electro-iuuscular  sensibility,  in  cases  of  paralysis,  with- 
Out  a  previous  knowledge  of  the  normal  sensitiveness  of  the  parts  to  the 
electric  ciuTcot  and  the  normal  fcelitig  of  electro -muscular  sensibility  in 
Ihe  affected  muscles,  is  simply  impossible.  From  a  want  of  this  knowl- 
edge very  important  mistakes  are  made  in  electro-diagnosis.  In  local 
and  general  faradization  a  knowledge  of  the  relative  sensitiveness  nfall 
the  parts  of  the  surface  of  the  boily  cnaMea  one  to  make  an  application 
which  would  otherwiiis  be  painful,  and  perhaps  injuricus,  both  painless 
and  refreshing. 


III. 


APPARATUS   FOR   Et.ECTRO-THERAPlCTICS. 


Tiie  general  principles  on  which  batteries  are  constnictcd,  as  well 
s«  minute  description  of  some  of  the  best  known  elements,  have  alread] 
been  presented  in  ihc  section  on  electro-physics.  I  n  this  chapter  we  pro- 
pose to  speak  only  of  those  combinations  of  elements  that  arc  used  io 
electro- therapeutics,  and  our  descriptions  will  be  of  a  general  charactert 
having  reference  mainly  to  the  practical  use  and  care  of  them  by  the 
etectro-therapcniist. 

Before  entering  on  the  description  of  apparatus  a  few  general  re- 
marks  may  be  appropriate. 

t.  A  good  battery  is  not  all  thai  is  necessary  to  malce  a  good  el<^rtro- 
therapetitist. 

There  exists  an  impression,  quite  widely  prevailing  in  the  profession, 
that  the  beginning  and  the  end  of  the  great  science  of  electro-iherapctt- 
lics  is  lo  get  a  batter)-.  This  impression  has  wrought  much  cviL  It 
has  been  the  means  of  leading  physicians  to  invest  time  and  patience 
and  money  in  a  department  for  which  ihey  liave  no  qualification.  The 
purchase  of  a  battery  is  simply  a  first  step  in  the  right  direction  ; 
it  is  the  beginning  of  a  long  road. 

One  who  uses  electricity  in  medicine  requires  good  apparatus,  just 
as  the  surgeon  requires  good  instruments  and  the  carpenter  good  tools ; 
but  as  tools  cannot  make  a  caT|>enter,  nor  instruments  a  surgeon,  so  a  bat- 
tery cannot  make  one  skilful  in  the  therapeutical  use  of  electricity.  It  ii 
not  the  battLTv,  it  is  the  brains,  thai  makes  a  good  electro  thera|>euiisl. 

2.  1*tic  best  and  most  recent  apparatus  is  not  su  simple  as  to  entirely 
dispense  with  the  need  of  core  and  experience  on  the  part  of  the  physi- 
cian. 

llic  advance  in  the  construction  of  apparatus  for  clcctro-thcra pen- 
tics  has  been  very  great,  but  not  sufficient  lo  make  it  possible  foi 
faiodic  or  galvanic  apparatus  to  keep  in  order  without  attention. 

Just  as  the  fire  in  the  grate  goes  out  unless  the  coU  is  replenished, 
jttAt  as  the  gas  Is  extingtiished  when  the  supply  is  shut  off,  so  electricity 
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geDeraled  in  a  battery  ceases  to  &qw  unless  the  tneUils  consumed  in  the 
chemical  action  aie  replaced  or  repaired. 

Tiic  best  and  simplest  of  batteries  will  sotactimcs  get  out  of  ordta-. 
UnexiKTClcd  comingencics  will  arise  ihat  demand  some  knowledge  of 
ap[)licd  clectro-ph/sics.  The  knowledge  can  be  obtained  only  by  study 
and  experience . 

3.  Whatever  choice  vre  make  in  our  ap^iaraius  ai  die  present  day,  we 
shall  probably  not  make  any  very  serious  misuke.  A  few  years  ago  it  was 
impossible  to  get  a  really  good  apparatus  for  electro-therapeutics  ;  now 
it  is  almost  impossible  co  get  a  really  bad  one. 

4.  An  apparatus  to  which  we  are  accustomed  is  much  more  tractable 
in  our  hajids  than  a  far  sLperior  apparatus,  the  luanagement  of  whicli  is 
nor  to  us.  It  is  with  batteries  ax  with  balics^very  man  thinks  liisowo 
U  ihc  best.  We  see  the  same  principle  illustrated  in  instruinenls  for 
general  and  special  surgery. 

TAt  Separate  and  ContiHut'US   Coil  Indaction  Apparatus. — There 
are  in  the  market,  and  in  cumnion  use  among  physicians,  two  quite 
different  forms  of  apparatus.     The  first  is  termed  a  separate  coil,  and 
liic  second  a  nmtimwm  nr  shigU  coil  apparatus.     The  separate  coil 
Apparatus  is  the  one  most  commonly  used  and  the  one  most  generally 
Understood.     The  separate  coil  is  the  variety  described  and  illus- 
trated in  every-  text-book  of  [)liy8ics,  Imt  not   in  sufficient  detail  to 
rvake  clear  its  mechanism  when  used  for  medical  purposes.     The 
^ccomikanying  diagram  (Fig.  46)  illustrates  the  conrec  and  influence 
of   the   electric   current   in   an  ordinary  separate    coil   faradic   ap- 
^laratus. 

AU  induction  machines  are  composed  of  not  less  llian  two  coils. 
The  first  or  primary  coil  consists  of  a  large,  wdl-insulatcd  wire  sur- 
%'ounding  a  bundle  of  soft  iron  wire,  which  forms  a  magnetic  centre. 
Over  this  first  or  primary  coil  is  wound  a  coil  composed  of  several  con- 
■volutions  of  fine,  well-insulated  wire  for  the  induced  cuirent.     The 
lerniinali  of  the  first  or  primary  coils  of  wire  are  united,  one  end  to 
the  battery  that  operates  the  coll,  and  the  other  to  the  part  of  the 
automatic  rheoionic  according  to  the  following  description.     As  the 
battery  is  the  important  factor,  let  us  start  from  it  and  follow  the  con- 
nections and  action  of  the  combinations  that  produce  the  effect : 

The  positive  pole  (P)  uf  the  battery  is  connected  with  the  governor 
marked  A  (Fig.  46).  The  negative  pole  (N)  of  the  battery  is  connected 
wilh  the  first  end  of  the  pdutaiy  coil,  while  the  last  end  of  the  primary 
coil  ia  connected  with  the  spring  support  B.  The  electro-motive  force 
is  conveyed  from  the  battery  through  the  primary  coil  to  the  spring  su)}< 


port  B  (rheotoine),  thence  to  llie  itlatina-jiointed  screw  of  the  governor     i 
D,  and  lastly  to  the  battery,  making  the  complete  circuit.  jH 

In  the  centre  of  the  coil  anil  surrounded  by  the  soft  iron  wires  il^^ 
placed  a  soft  iron  rod.     One  end  of  the  rod  is  bent  at  right  angles,  lio 
that  the  hammer  on  the  spring  is  directly  over  and  can  move  toward 
this  soft  iron  rod,  marked  C.     Wfaeo  the  vibrating  spring  is  resting 
against  the  platina-|>ointed  screw  D  and  the  battery  is  connected  with 


the  coil,  the  current,  as  it  passes  over  the  wire  of  this  primary  coil,  ren- 
ders magnetic  both  the  centre  bundle  of  soft  iron  wires  and  the  soft 
iron  rod. 

The  inagnetism  is  of  sufhcient  force  to  attract  the  soft  iron  hammer 
on  the  spring,  and  draw  it  down  or  near  to  the  magnetized  rod  C. 

This  movement  of  the  spring  severs  the  connection  between  the 
spring  and  Uie  platina-pointed  screw  D  and  opens  the  circuit     I'he 
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wft  iron  rod,  therefore,  loses  its  magnetism.  The  spring  ceases  to  be 
beld  doirn,  iis  tension  being  sufficient  to  raise  it  to  a  horizontal  position, 
nihert  it  agaio  rests  in  direct  contact  with  Ihe  platina-poinled  screw  D. 
Again  the  circuit  is  closed  and  the  process  as  de- 
scribed is  repealed  with  inconceivable  rapidity.  By 
the  action  of  the  battery  current,  as  it  is  conveyed 
over  the  primary  coil,  and  the  iiiilucncc  of  the  mag- 
netized bundle  of  soft  iron  wires,  a  current  is  induced 
upon  the  second  coil  of  fine  wire  which  surrounds  the 
primary  coil.  This  power  of  induction  can  be  estab- 
lished 10  the  fifth  and  sixth  coil,  and  further  if  the  mag- 
netic lield  is  properly  arranged. 

in  the  ordinEiry  form  of  induction  coil  just  de- 
scribed, the  terminals  of  the  secondary  or  fine  wire 
coil  arc  free  and  in  no  manner  connected  with  the 
primary  circuit.  The  influence  of  magnetism  pro- 
duces a  citrreiic  which  we  call  jjure  induced. 

In  the  continuous  coil  apparatus,  on  the  contrar)-, 
we  not  only  receive  the  inductive  influence,  but  the 
primary  influence  as  well,  since  it  is  carried  over  in 
;  combination  with  the  induced  currents.  Although 
I  called  a  continuous  coil,  it  is  really  maxle  up  of 
several  ilisiinct  coils,  and  each  successive  coil  in- 
creases in  length  but  di:crcases  in  thickness.  These 
coils  are  wound  over  each  other,  and  are  tapped  at 
different  portions  of  iheir  length,  but,  unlike  other 
forms,  they  make  direct  connection  with  each  other. 
This  accounts  for  an  apparent  contradiction  of  terms 
that  might  prove  confusing. 

These  coils  (Fig.  47)  are,  for  convenience  of  illus- 
tration, represented  by  the  upper  straight  lines  1,  U, 
1 1 1, 1 V,  termed,  respectively,  the  first,  second,  third, 
and  fourth  induction  coils.  The  letters  A,  B,  C, 
D,  E  represent  the  different  posts  of  the  continuous 
coil  apparatus  to  which  the  conducting  cords  are  at- 
tached, while  the  numerals  i,  a,  3,  4,  etc.,  indicate 
the  combinations  by  which  are  obtained  ten  differ- 
ent (pialities  of  current.  The  short  line  marked 
J,  starting  from  A,  represents  the  current  from 
the  short,  thick,  first  coil  marked  I.  Second  line  (2),  current  from  the 
firet  and  second  (I,  li)  induction  coils  combined.     Third  line  (3), 
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curreDt  from  the  first,  second,  and  third  (I,  II,  III)  induction  coils. ^j 
Fourth  line  (4),  current  from  the  6rst,  second,  third,  and  fourth  (1. 1U^| 
III,  IV)  induction  coils.     Fifth  line  (5),  current  from  the  second  (II) 
induction  coil  only.     Sixth  line  (6),  current  from  the  tirst  and  second 
(II,  III)  induction  coils.    Seventh  line  {7),  current  from  the  secnnd.^^ 
third,  and  fourth  (II,  III,  IV)  induction  coils.  Eighth  line  (8). current 
from  the  ihird  (III)  induction  coil.     Ninth  line  (9).  current  from  the 
third  and  fourth  (III,  IV)  induction  coiWcombincd.     Tenth  line  (io)» 
current  from  the  fourth  (IV)  induction  coil  only.* 


RUteS    (Oft  TH£    use   OF   KIDDER  S  CONTINUOUS   COIl.   APPARATUS 

(Fig.  4S)- 

The  directions  that  we  give  under  this  head  will  apply  In  gciitral  to 
all,  or  nearly  all,  faradic  machines,  and,  therefore,  need  not  be  ic|)eaietl 
in  the  descriptions  uf  other  machines  that  arc  illustrated  in  thii  volunte. 

To  prepare  the  Apparatus  for  Use. — Fill  the  glass  jar  with  a  solution 
of  water  and  biilphuric  acid — one  part  sulphuric  acid  to  eight  or  twelve 
parts  water.  It  is  not  necessary  to  be  rigidly  mathematical  in  rrgarj 
to  die  ((uaulily  uf  the  sulphuric  acid.  The  average  pro]H>rtiun  is  one- 
tenth,  but  it  may  range  between  one-sixth  and  one*sixtceDth.  The  jar 
should  be  about  two-thirds  filled  with  the  solution. 

It  is  also  necessary  to  put  about  a  teaspoonful  of  quick^lver  in  th 
cup.     This  tnuchcs  the  lower  end  of  the  zincs  and  keeps  them  con*J 
stanlly  amalgamated.     (See  Klectro-Physics,  p.  37) 

The  i)uicksilvcr  should  not  be  allowed  to  touch  the  central  plate  of 
platinum,  as  it  may  injure  it.  In  some  of  the  modifications  of  this 
a)>paialus  it  is  nece&sary  to  close  the  prongs  between  unu  of  the  brass 
posts  that  is  labelled  and  the  one  in  the  middle  that  has  no  label. 

The  apparatus  is  now  ready  for  action.  If  the  spring  di>es  not  at 
once  vibrate,  give  it  a  slight  stroke  with  the  finger.  If  it  stdl  refuses 
to  vibrate,  it  may  be  necessary  to  readjust  the  screw.  If  the  spring 
vibrates,  but  irregularly  or  too  slowly,  the  evil  may  usually  be  remedied 
by  readjusting  the  screw. 

Now  connect  the  strings  attached  to  the  electrodes  with  the  leiteted 
posts.  A  is  always  the  positive  pole,  and  U,  C,  and  D  are  always  nega- 
tive relatively  to  A.  • 

*Thcdi(Icrmt  physiological  and  iherapeatical  effects  of  some  of  these  coils, 
yielding  cuTrents  of  qiunlity  and  icn^on,  wk  considcrvd  in  Clupler  XV. 
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To  disliH£uiih  fht  Po/fs.—U  u  alwa)s  possible  to  dislioguUh  the 
nrjjativc  {hjIc  L>y  lioUing  the  electrodes  for  a  utoment  in  the  two  hancU; 
Ihc  oiie  in  which  tlic  current  is  itron^eit  J<U  is  the  negative  pelt. 

ir  the  apfkaLitus  refuses  to  go,  or  if  it  stoi>s  at  any  time  nhile  in  use* 
the  cause  may  be  looked  foi — 

1.  Jn  the  screw  pf  the  r/uofome  or  airreni-br taker.  This  may  not  be 
properly  atjusied.  The  i>oint  i«ay  be  too  far  ftoni  the  spring,  or  too 
duscly  |>ressf<l  upon  it.  This  want  of  proper  a('juslment  of  ihc  screw 
ij  the  most  rrccpicnt  cause  of  a  stopping  of  ihe  machine,  and  of  the  re- 
fusal of  ihc  spring  to  vibrate.  The  s[iring  may  souictiines  be  catrodci)' 
It  the  point  where  the  screw  touches  it. 

2.  In  ihe  cattneetion  of  Ihe  wires.  The  wires  that  unite  llie  fines  and 
platinum  may  not  be  properly  screwed  at  thrir  point  of  connection,  or 
may  be  corroded. 

3.  Jn  the  battery  itself.  The  batier>' — that  is,  the  zinc  and  plaiinum, 
Vi'ith  the  sohilion  in  the  glass  jar — may  get  out  of  order  in  four  ways. 
^irst,  the  solution  may  lose  its  sirengih.  This  difficulty  may  be  renie- 
clicd  cither  by  pciuring  in  some  sulphuric  acid,  or  by  making  an  eniirelv 
«iew  solution,  or  by  simply  adding  more  water.  Secondly,  the  zincs  may 
V;ecome  so  corroded  and  iticiusted  as  to  become  incapahle  of  generatii>g 
«i  current.  When  wc  have  reason  to  suspect  tliat  such  is  ihe  case  we 
should  clean  them  with  an  old  tooih-bru&h  or  cluih,  or  amal^jtiiate 

^hem.  When  the  zincs  have  lost  their  amalgam,  local  action  may  lake 
place;  this  will  be  indicated  by  rapid  evolution  of  hydrogen.  Thirdly^ 
a  portion  of  ihe  mercury  may  have  fallen  onto  the  platinum,  and  covered 
it.  When  this  hapiwns,  little  or  no  current  can  be  obtainrd.  Fourthly, 
lite  platinum  and  ihe  j-Jncs  will,  in  lime,  by  hard  and  long  usage,  wear 
out,  and  will  need  lo  be  replenished. 

4.  In  the  helix.  It  is  very  rarely  indeed  that  (he  helix  of  this  appa- 
ntos  ever  becomes  so  injured  as  to  become  incajMible  of  service.     If, 

.vfterire  have  pro;ierly  adjusted  the  screw  and  spring,  made  sure  of  the 
^connections  of  the  wircf,  replenished  the  soliiiion,  and  cleaned  the  /.incs, 
the  apparatus  )>ersisienlly  refuses  (o  go,  we  have  reason  to  su5|KCt  that 
something  may  be  wrong  with  the  wires  that  compose  Ihe  helix.  If 
such  be  the  case  the  evil  can  be  remedied  only  by  the  inventor  himself, 
cr,  at  least,  by  someone  practically  familiar  with  the  consinictinn  of 
helices.  Bur  we  should  try  very  patiently  and  perseveringly  before  we 
accept  the  conclusion  that  the  helix  is  thus  uut  of  order,  for  it  is  an  acci- 
dent of  extremely  rare  occurrence. 

When  no  current  is  felt  at  the  electrodes,  shhough  ihc  apparatus  acts 
iwopcrly,  wc  know  that  the  conneclion  is  broken  somttvhere  in  the  msu- 


A 


3o6 


APPARATUS  FOR  ELECTRO-THERAPEUTICS. 


I 
I 


iaieJ  eonduetittg  wiret.  Sometimes  the  union  or  the  wires  with  Lh« 
electrodrs  is  iniperfecl,  and  occasionally  the  wire  in  some  part  is  broken. 
Finally,  ihe  ciccirudcs  ihcmsclvcs  may  become  very  much  cotroded, 
and  may  need  cleaning  before  a  good  current  can  be  obtained. 

I'o  take  care  0/  t/u  Apparatus. — When  not  in  use,  the  element  can  be 
taken  out  of  the  solution.  When  Ihe  \\\t  battery  ii  used,  all  that  is  neces- 
sary is  to  merely  turn  over  the  jar.  \i  die  clement  reniAin^  loo  long  a 
time  in  the  jar  an  Jncrtislallon  of  sail  will  somelimes  acctimnlate  on  Ihe 
top  of  the  zincs,  vrhich  \nll  need  to  be  brushed  or  washetl  off.  This  salt 
is  the  sulphate  uf  line,  resulting  from  Ihe  action  of  the  sulphuric  acid  on 
the  ztnc. 

We  may  know  that  action  \i  taking  place  in  the  battery  when  bub> 
blcs  of  hydrogen  are  rising  up  by  the  sides  of  the  zinc. 

Methods  of  Modifying  the  Current, — The  strength  of  the  cur- 
rent of  this  machine  may  be  modified  in  several  ways,  as  follows: 

T.  It  may  be  mod:dcd  by  wthdrawing  or  pushing  in  the  metallic 
tube  that  covers  the  helix. 

When  this  tube  covers  the  helix  an  indefinite  number  of  branch 
ciurents  arc  induced  in  it  that  interfere  with  the  main  current  and 
weaken  it.  In  proportion  as  this  is  withdrawn,  the  induction  of 
branch  current?^,  and  the  consequent  interference  with  the  main  cur- 
rent, grows  less. 

This  method  of  modifying  the  strength  of  the  current  most  be 
used  continually  both  in  general  and  IncaUzcd  faradization. 

2,  The  current  may  b::  modified  by  increasing  the  quantity  of  the 
solution,  or  of  the  sulphuric  acid  in  it.  This  measure  can  be  resorted 
to  when  the  current  fails  to  accomplish  our  purpose,  even  when  the 
metallic  tube  is  entirely  or  nearly  withdrawn. 

3.  When  the  current  passes  through  the  body  of  the  operator,  the 
current  may  te  modified  by  increasing  or  diminishing  the  pressure  of 
tlie  hand  on  the  s|>onge  connected  with  the  positive  pole.  (See 
General  FaradiEatian.) 

The  direction  of  the  current  can  be  changed,  at  any  time,  by  re- 
versing  the  position  uf  the  electrodes,  or  by  reversing  the  ctmducling 
wires  in  the  posts,  or  by  the  current-reverser,  when  one  is  attached  ^ 
to  the  machine.  ■ 

The  apparatus  re  resented  in  Fig.  48  is  in  many  respects  the 
iicst  that  has  yet  been  devised  for  medical  pur|H»ses.  It  is  readily 
portable,  but  if  this  form  of  battery  is  desired  for  outside  use,  the 
one  represented  by  Fig.  49,  of  similar  construction,  is  preferable,    The 


Fig.  so. — The  Englenunn  Fanidic  Halicfy. 


fdfwlcl  of  compactness,  with  strength  and  quality  of  cmrent.  The 
helix  stands  upright  in  one  rnd  of  the  rase  where  it  is  hinged.  Uti- 
(jemeath  the  hinges  that  fasten  the  coil  box  or  helix  to  the  case,  are 
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springs  so  arranged  as  to  connect  llie  battery  to  operate  the  ceils, 
when  the  coil  box  is  lowere<!  to  a  horijtontal  j>ositinn,  as  seen  in  the 
figure.  If  desired  the  helix  can  be  detached  from  the  cose,  and  op- 
erated by  connecting  a  battery  to  the  two  binding  posts' on  tlie  back 
part  of  ilic  machine.  The  case  is  but  six  inches  long  and  deep  re- 
spect vely,  and  three  and  one-half  inches  wide. 

This  apparatus  (Fig.  50)  is  provided  with  three  coils  of  different 
sized  K-ircK.  each  coil  var^'ing  in  length  and  yielding  effects  quite  di* 
vrrsc.  Thr=;f  three  Co  Is  are  marked  respectively:  Coarse,  fine,  me- 
dium aa  C.  F.  M.  The  diameter  and  length  of  wire  on  each  coil  is 
also  marked  in  millimetres  aiid  metres. 


Fandic  Machin*  (cotHiinic»n«  coU)  (Thorn**  1I«II). 


The  machine  of  Hall  (Fig.  5*)  is  a  neat,  compact  arrangement,  and 
gives  a  very  pleasant  current  Chromated  lead  is  used  for  the  elec- 
tro-negative element.  One  of  the  metals  is  raised  out  of  the  solu- 
tion by  a  very  convenient  spring,  instead  of  the  jointed  rod. 

Magtuto-Klectric  MacHinrs. — The  ffiagntlo-eUelric  (or  so-callod 
rotary)  machines  {see  Electro- [*hysics,  p.  61)  are  not  much  used  at  the 
present  day.  and  are  not  ordinarily  to  be  recommended.  They  have 
been  employed  largely  and  indiscriminately,  especially  Lu  this  country* 


ind  ha*-?  done  the  cause  of  clcctro-Eherapeuticsmiich  cm!.  Although 
tlte  current  uHoicIed  by  thera  is  well  adapted  to  produce  niuscu- 
Ur  contractions,  and  is  frequently  of  service  in  the  treatment  of 
p&ralysis,  rheumatism,  and  kindred  disorders,  yet,  for  all  the  wide 
range  of  diseases  in  which  faradic  eleclriciiy  is  indicated,  it  is 
neither  suHicieiilly  reliable  nor  sulBcicntly  effective.  In  most  of  the 
conditions  of  irritability,  in  which  general  faradization  is  most  r flec- 
Cive.  this  form  of  electricity,  as  generated  by  must  of  the  machines, 
is  contra  indicated,  on  account  of  the  rough  and  disagreeable  quality 
of  the  current. 

Another  very  prominent  objection  to  most  of  the  rotary  machines 
in  this  country  is,  that  they  require  the  aid  of  an  assistant  lo  turn  the 
rank.  This  objection  may  be  met  by  clock-work  attachment.  An 
raiigement  of  this  kind  is  employed  by  Dr.  Morell  Mackenzie,  of 
>ndon.  in  the  treatment  of  paralysis  of  the  Wynx  i  but  even  for  this 
s{>ecial  purpose  it  would  seem  to  have  no  advantages,  but  positive 
disadvantages,  as  compared  with  a  compact,  convenient,  and  reliable 
electro-magnctic  apparatus  as  described  in  the  preceding  pages. 

M.  Gramme  has  made  a  magneto- electric  machine  which  fur- 
nishes a  eoMfinitous  instead  of  an  interrupted  current,  which  in  its 
cilccts  resembles  the  ordinary  galvanic  current.  The  machine  con- 
sists of  three  rings  of  soft  iron,  around  which  is  an  endless  coil  of 
copper  wire  Each  of  these  rings  rotate?  between  the  poles  of  a 
powerful  magnet,  ami  the  arrangement  is  such  that  the  opposite  cur- 
rents  in  the  halves  of  each  ting  form  a  single  continuous  current. 

The  machine  is  turned  by  hand,  and  in  its  large  form  generates  a 
Urge  «|uantily  of  electricity.  It  can  produce  all  the  effects  of  the 
ordinar}-  galvADtc  current.  It  makes  platinum  wire  red  hot,  fuses 
metals,  and  is  used  in  electro-plating. 

If  this  machine  can  be  reduced  in  size,  and  modified  in  shape,  it 
may  become  of  value  in  electro-medicine  and  electro-surgery. 

Gah-ank  Apparatus. — Tlic  merit  of  placing  in  the  market,  in  ?a 
accessible  form,  convenient  and  reliable ^^w/r./ff/r  batteries  was  in  this 
country  pioneered  by  the  Galvano-Faradic  Manufacturing  Company. 
Before  the  organization  of  this  establishment  the  faradic  machines 
of  Kidder  and  others  had  been  long  in  use,  but  suitable  galvanic 
machines  could  not  be  obtained. 

Ifytirostat. —  Thehydroslat  is  an  admirable  contrivance  for  keeping 
the  fluid  from  spilling  when  the  battery  is  carried  in  a  buggy  or  on  a 
long  journey.     It  consists  of  a  rubber  covering  accurately  fitted  on  the 
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TwcQiy-tour-cell  linc-carbou  battery  with  bydrocUI. 

eral  principle  of  sixteen  and  eighi  celU.  The  sixteen  cell  combiiia* 
lion  is  portalilc,  and  sbniit  as  heavy,  when  chargcH,  as  a  mcdiuni-sizecl 
valise  well  packerl. 

The  eighi-ceil  combination  is  no  heavier  than  a  common  faradic 
machine  and  when  well  cliargcd  gives  a  current  uf  sufficient  strength 
for  many  applications  to  the  eye  and  head. 

This  apparatus  is  called  the  B^ullett  galvanic  battery  (Fig.  53). 
It  is  a  very  convenient  apparatus.  It  has  connected  with  it  a  h>*dro- 
stat,  which  quite  successfully  prevents  the  spilling  of  the  solution 
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durinw  transportation.  The  accessories,  such  as  current  selectors, 
CMiiniuiator,  rheolume,  etc.,  are  all  attached  to  the  battery.  The  bot- 
tom of  the  box  is  a  movable  tray,  in  which  the  glass  or  hard-rubber 
■cells  are  placed.  This  movable  tray  is  controlled  by  two  hiiigetl  rods 
which  are  fastened  to  i%  and  these  by  two  lifting-rings  at  the  end  of 
(he  rubber  table.  These  rings,  being  screwed  tightly  down,  bold  the 
cells  firmly  against  the  hydrostat,  or,  bcitig  loosened,  allow  the  hydro- 
stat  to  be  removed  from  the  front  of  the  centre  of  the  box.  They 
also  serve  as  handles  to  lift  the  tray  of  cells. 
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Plug  and  Socket  Galvanic  Uatteiy. 


Fig.  54  shows  a  convenient  form  of  portahle  galvanic  battery 
"^vith  the  floor  npcn  illiistiating  the  ronstructinn  of  its  various  parts. 
"The   box  contains  a  compartment  at   the  boiiora,  into  which  the 
hydrostat  board   H  is  put  when  not  in  use.     \\Tien  the  batlery  is  to 
"be  carried  about,  this  board   H  is  placed  on  the  top  of  the  cells  with 
its  rubber-padded  side  down.     Tlie  plug  and  sockft  arrangement  is 
simply  another  method  of  increasing  the  strength  of  current  gradu- 
ally, cell  by  cell,  without  shocV. 
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Practical  Dirtcthns /ffr  the  t/a  <fj  Zinc-Carbon  Gatvanic  BaUerks. 

The  following  directions  will  substantially  apjily  to  all  or  nearly  all 
forms  of  Ihe  /inc-carbon  battery,  by  whomsoever  manufactured 

How  the  Battery  is  Constructed  and  Used. — Tlicse  batteries  are  com- 
poBcd  uf  plates  of  zinc  and  carbon  in  a  solution  of  bichromate  of  potass, 
fiulphuric  acid,  and  water.  The  soUiiion  is  contained  in  glass  jars  that 
are  raised  up  to  the  plates  of  zinc  and  carbon  by  the  kc]  s  at  the  cndi 
of  the  box,  or  by  a  crank.  When  the  jars  are  raised  by  the  krys  lo  ihe 
lop  of  the  box,  turn  the  keys  at  right  angles^  or  turn  the  crar.k,  and  the 
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Interrupter,  for  otlicc  or  ho>(>itiLl  uic  (Kidder), 
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jars  will  sray  in  position,  and  ihc  battery  is  ready  for  use,  if  the  jars  am 
proiKily  fiiU'd  with  the  solution. 

When  Ihe  battery  is  not  in  use  the  jars  should  be  let  down  from  the 
plates  by  means  of  the  keys.  If  allowed  lo  remain  immersed  day  after 
day  the  battery  will  rapidly  lose  its  strength.     (S«e  Electro-Physics, 

p.  36  ) 

/Ii}to  to  Charge  the  Battery.— TX-iz  solution  is  made  in  about  ibe  fol- 
lowing proportions:  eulphunc  acid,  i  oz. ;  bichronute  potass,  i^oz.jj 
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waler,  lo  oz.  The  best  way  to  make  the  solution  ii  to  dissolve  ibe 
bichromate  of  |>otash  in  cold  water  and  llicn  add  the  sulphuric  acid. 
The  mingling  of  the  w.iier  ami  sulphuric  acid  causesgreal  lieat.  Da  not 
use  the  solution  nnlil  it  is  cool.  We  had  not  been  able  lo  get  any  sails* 
factory  explanation  of  the  fact  That  solutions  when  het  injure  the  bat- 
tery, until  Prof.  Urackett,  of  Princeton,  informed  us  that  from  experi- 
luents  he  made  several  years  ago  he  proved  that  when  the  bichromate 
of  potash  solution  ts  used  hot  a  layer  of  ozone  is  formed  on  the  carbon  ; 
this  at  once  wcalicns  the  current. 

Lift  out  the  plates  by  the  middle  piece  to  which  Ihey  are  attached, 
lift  up  the  jirs  by  the  keys  and  fitt  each  jar  with  two,  or  three,  or  three 
and  a  half  ounces  of  the  solution.  Tlicy  should  be  filled  pretty  uni- 
forinly,  and  care  should  bu  Uken  that  no  more  should  bs  put  in  than  the 
jir-i  will  hold  after  the  plates  are  immersed. 

How  to  Clean  the  Battery  and  ^Imalgamate  ike  Zincs. — Every  few 
weeks  or  months,  according  lo  llie  extent  lo  which  the  battery  is  used, 
it  will  be  necessary  to  wash  the  plates  and  scrape  off  the  exudation  and 
renew  the  solution,  or,  at  least,  lo  add  more  acid  or  water,  and  amalga- 
mate the  zinc  The  tbreme  alum  that  collects  in  the  bottom  of  the  jira 
(sec  Klectro- Physics,  p.  36)  and  becomes  very  hard  can  be  softened  by 
allowing  warm  water  to  stand  in  the  jars  for  a  time,  and  then  loosening 
the  deposit  with  .iny  sharp  instrument.  A  good  way  lo  amalgamate 
ihe  zincs  is,  take  a  strip  of  zinc,  dip  it  in  a  sohiiion  of  sulphuric  acid 
and  water,  (hen  dip  it  in  mercury;  the  mercury  will  adhere  to  and  run 
over  it ;  then  rub  up  over  the  surface  of  the  zincs  of  the  battery  untiT 
all  are  well  covered  with  mercury.  During  the  process  of  amalgama- 
tion the  zincs  sliould  be  kept  well  moistened  wiih  a  solution  of  sulphuric 
acid  and  water.     (See  Electro-Physics,  p.  36.) 

Hqxo  tff  tell  the  Strength  of  ihe  Current. — Those  who  have  no  galva- 
nomeler  can  tell  whether  ihe  current  is  running  and  how  strong  it  is  by 
pulling  one  pole  in  the  hollow  of  the  hand  and  the  other  between  the 
thumb  and  forefinger.  The  poles  should  be  wet  with  salt  water  or 
simple  warm  water.  Those  who  have  been  accustomed  only  to  the 
noisy  and  violent  farndic  (induced)  current  will  be  d!sap{K>inted  to  find 
that  this  galvanic  current  causes  only  a  slight  burning  sensation,  wiih  no 
shocks  except  when  interrupted.  A  current  that  is  scarcely  felt  when 
applied  in  Ihc  hand  may  be  too  strong  to  apply  to  the  head,  or  face, 
or  neck.  The  greatest  mistakes  are  made  by  using  the  galvanic  eurreni 
tffo  strong. 

Heiif  to  tlJsiinguish  ihe  Polei. — The  current  is  fell  strongest  at  the 
NEGATIVE  PuLE.     When  both  i>olcs  are  dipi>ed  in  a  solution  of  iodide 
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ct  pousshun,  ibc  brown  color  of  the  iodine  appcan  at  the  positive 
roLC 

Fig.  57  represents  a  new  and  remarkably  compact  and  efficient 
clitaiide  of  silver  battery,  made  by  jobn  A.  lUirell,  of  New  Voik. 
Tbe  elements  of  the  cell,  as  shovrn  to  the  left  of  ihu  battery,  are  zinc 
and  chloride  of  silver.  The  cell  is  but  three  inclies  long  and  une  inch 
in  diameter,  and  when  combined  m  a  &erii-s  yields  a  current  abiioluiely 
constant  in  character.  The  battery  docs  not  n-aiite  when  not  in  use,  as 
the  zinc  and  chloride  of  silver  arc  insoluble  in  tho  fluid,  and  is  uniii6u- 
enced  su  lung  as  the  ciicuit  is  open.     It  has  a  pecuniary  adv;intage,  in 
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Fig.  ST. 
Cbloride  of  tilver  battery. 

that  the  chloride  of  silver,  becoming  in  time  reduced  to  pure  metallic 
fiilver,  may  be  removed  attd  cxclianged  for  new  chloride  of  silver  plates 
at  moderate  cost.  The  electro-motive  force  of  each  cell  is  a  fraction 
Over  one  volt, 

The  advantages  of  the  cabinet  combination  {Fig.  58)  are  these: 
I.  /I  is  ixry  eitsUy  mmed artii  muna^etl.  The  whole  cabinet,  con- 
tuining  fifty  cells,  the  electrodes,  connections,  etc.,  for  boiJi  currents, 
and  the  cover  to  place  over  the  top,  is  but  three  feet  high  and  seven- 
teen inches  broad.  It  is  pla^-ed  on  casters,  and  can  lie  easily  moved 
from  one  ward  of  a  huspita.1  lo  anotiier  ward,  or  about  the  room,  by 


overhauling,  yet  occasional  inspection  and  refilling  will  be  requin-il, 
and  can  lie  very  easily  performeH. 

2.  It  giviS  a  constant,  nniprm,  and  steady  current .-  ami  it,t^re/ore^ 
better  adapted  far  the  treatment  of  irritible  and  senstthe  conditions  than 
the  f:maii  ceils  of  the  ordinary  portable  batteries. 

This  advantage  it  shares  with  all  the  various  constant  baiieries. 
The  explanation  of  the  constancy  and  steadiness  of  the  current  from 
these  cornbiiiations  of  the  Law  cells  is  found  in  the  fact  that  on 
account  of  the  feebleness  of  the  solution,  the  chemical  action  is 
slow  and  uniform,  with   no  interruptions  or  even  variations.     In  the 
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single  7.inc-carbon  c«lls  the  solution  is  very  strong,  and  the  chemical 
mctioa  very  vigorous;  the  plates  are  rapidly  polarized;  the  density  of 
the  ftoluiion,  and  with  it  the  inicrnal  resistance  of  the  battery,  is  con- 
tinually changing  as  a  result  of  the  vigorous  chemical  action,  antl 
consequently  the  strength  of  the  current  not  only  diminishes  after  a 
protracted  use  of  the  battery,  but  it  varies  from  ntomeni  to  momfnt. 

The  potential  quantity  of  electricity  may  be  the  sainc  in  a  combi- 
nation of  single  xinc-rarbon  cells  as  in  a  combination  of  Leclanchd  or 
I.aw  cells,  and  may  even  be  far  greater;  but  there  is  great  difference 


1^ 


-iLi 


^■^;^--' 


Ad 


■■'^. 


^L 


"- .  "I" 


¥ 


'sAppatmlus,  incluclinc  Stopper  Khcusial,  Galvonosco]^,  FaraHic  Coi],  etc 
(Galvuui-Ku&dlc  Muiufacturiiig  Co.).  Ttii*  apjjajatus  laa/  be  connccCoJ  wUh 
aay  deUred  nnmlier  of  luge  cells  in  the  cellar. 

in  the  rapidit>-  with  which  they  evolve  it.  For  short  work,  such  as  is 
required  in  powerful  electrolytic  operation,  the  single  zinc-carbon 
cell  is  far  preferable  It)  the  constant,  f<jr  tlm  rcasfin  tliat  thf  quantity 
of  electricity  that  it  generates  in  a  short  time,  say  half  an  hour,  is 
very  iiiucJi  greater  than  a  similar  miniber  of  rmislarit  cells  would 
generate  in  the  same  lime. 

The  notion  entertained  by  some,  that  these  large  <ionblc-rcIl  bat- 
teries send  a  larger  t/uarUity  of  electricity  thmiigli  the  body  than 
snull  cells  is  at  war  with  Ohm's  law,  and  has  no  foundation  in  cx|>e- 
rience.     The  resistance  of  the  body  is  bo  great  in  comparison  with 
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the  internal  resistance  of  the  batteries  tint  it  makes  bul  little  rliffer- 
ence  in  regard  to  the  quantity  of  electricitj'  that  dows  through  the 
body  whether  the  cells  arc  lar^^e  or  stnalL  As  a  mailer  of  fact,  the 
small  single  zinc'carbon  cells,  or  even  the  ordinar}'  Smee's  cell,  give 
larger  quantity  of  electricity  for  a  short  time  than  the  large  Daniell's 
cell.     (See  Electro- Physics,  pp.  66-84.) 

The  cells  of  the  cabinet  battery  (Fig.  6oj  are  of  the  Gonda* 
Leclanch^  pattern,  and  have  stood  the  test  of  time  and  use.  The 
contents  of  the  cell  consist  of  a  zidc  rod,  and  the  carbon  in  a  porous 
cup  surrounded  by  granulated  manganese  and  small  fragments  of 
carbon.  The  iluid  is  a  saturated  solution  of  chloride  of  ammonium. 
The  apparatus  is  furnished  witli  a  milliam{]C;renietre,  rheostat,  and  a 
faradic  coil  of  the  Du  Bois  Reyraond  pattern.  The  rheostat  is  of 
German  silver  wire,  and  has  coils  from  five  to  five  hundred  ohms  re- 
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Apparatus  for  th«  adaptation  of  the  Ifjnamo  Current  for  general  oiBce 
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sistancc  cacli,  by  means  of  which  ami  the  miUiampferemetxe  shovm 
at  the  lop  of  the  cabinet,  the  resistance  of  the  patient's  body  may 
be  measured  and  the  condition  of  the  cells  tested. 

Tlie  siniplc  mechanism  illustrated  in  Fig.  6i.  and  densed  by  H. 
E.  Stammers  of  New  York,  enables  us  to  utilue  for  medical  purposes 
the  Edison  or  any  similar  incandescent  light  current.  Ry  a  system 
of  insulated  wire  resistance  coiis  a  current  of  120  volts  from  the 
street  wire  can  be  so  graduated  as  to  Klart  from  a  single  milliamp^re, 
and  without  the  slightest  interruption  increased  to  any  desired 
amount. 

The  above  cut  represents  an  apparatus,  15  inches  long,  11  inches 
wide,  f)  inches  higli,  with  bent  glass  front,  intended  to  be  used  on  any 
direct  current  incandescent  system  of  120  volts  constant  potential. 

It  need  not  be  a  stationary  fixture  or  have  special  wires  run  for 
it.  It  can  be  connecte<L  lu  the  circuit  in  a  moment  by  screwing  the 
"plug,"  which  is  attached  to  a  flexible  conductor  (which  accompa- 
nies each  apparatus)  into  any  tldison  standard  key  socket  in  place 
of  the  lamp.  It  comprises  galvanic  current,  electro-magnetic  or 
faradic  current,  connections  for  attaching  small  incandescent  lights 
for  examinations  and  for  head  lights,  storf^e  batteries  for  galvano- 
cauier)-,  and  for  motor  power. 

The  current  is  turned  on  and  off  the  same  as  water  or  gas,  and 
affords  a  most  convenient,  cleanly  method  of  utilizing  in  medicine  the 
powers  of  electricity. 

JlAfoJ/afs.—The  general  object  and  principle  of  the  rheostat  has 
been  already  dcscrib'sd  (F.Iectro-Physirs,  p.  42).  It  remains  here 
to  apeak  of  those  forms  that  arc  best  adapted  for  clcctro-ihera- 
pcutics. 

A  form  of  rheostat  veiy  w^;!!  known  to  electro-physiologists  and 
electro-therapeutists  is  that  of  Siemens,  and  introilucc^l  into  electro- 
iheiapeutics  by  Brenner  in  his  researches  on  the  ear.  The  unit  of 
Siemens  is  a  column  of  mercurj*.  one  metre  long,  with  a  transverse  sec- 
lion  of  one  square  milHmeire  at  32^  i'.  The  rheostat  may  contain 
1,110  or  2,  too  uniis.  The  nieiallic  blocks  or  pieces  on  the  top  are 
attached  to  insulated  coils  of  wire,  which  in  their  length  correspond  to 
the  numbers  1,  2,  3,  4,  5,  6,  7.  etc,  10,  20,  50,  40.  50,  60,  elc,  100, 
200,  300,  400,  etc.,  marked  over  them.  At  the  central  end  of  each  divi- 
sion of  the  siar-shajied  toppiccu  there  is  a  holt  for  receiving  the  stop- 
per.    ^Vhen  all  the  stoppers  are  insetted  in  the  division  marked  o, 
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there  is  no  resistance  in  ihc  rheostat,  ami  Ihc  current  goes  directly 
through  it,  and  not  at  all  ihroiich  the  body  of  the  paiient,  for  the  rea- 
I  son  that  metal  conducts  electricit>-  very  much  better  than  the  body, 
and  when  it  lias  a  choice  it  will  lake  the  ]ialh  through  the  best  con- 
doclor. 

When,  now,  the  stoppers  btl-  inserted  so  that  some  of  the  coils  of  wire 
connected  with  the  divisions  of  the  top-piccc,  aay  those  marked  5,  50, 
500,  are  brought  into  the  circuit,  the  current  will  have  to  overcome  not 
only  the  resistance  of  the  metallic  connections,  but  also  the  resistance 
of  550  Siemens'  units,  represented  by  corresponding  lengths  of  copper 
wire,  and  by  preference  much  more  of  the  current  will  pass  through  ihe 
body.     If  all  the  resistance^!,  t,i  10  or  z,too  units,  are  interposed,  most 


■VjMtrtTi'  Stppptr-Rhtostat. — On  (he  circle  B,  the  meialHc  dis.l:i  arc  immliered  by 
noil*,  from  o  lo  10 ;  un  the  circle  C,  Ky  tcn»,  (ruin  o  lo  lOO  ;  ■.■ii  Hie  eirtle  D, 
by  bundreHx,  from  q  Io  i.ooo.  To  u»e  ih<;  rKcDWat,  fnnnffct  the  wire  A  tritli  one 
of  the  |M)Irs  of  the  >Mltery,  Bail  the  wire  1^  u-ith  one  of  the  dcclrucic*  :  in  tltii 
way  the  reii«I«nccs  of  lh«  rheostat  nre  (ncludeJ  Jri  the  circuit,  c<>nst!tuttng  wluit  u 
catled  «  *'  iirottdary  eiaiurt." 

^iftheciirrent  passes  through  the  body.  If  all  the  stoppers  are  removed, 
a  part  of  the  current  goes  through  the  rheostat. 

ttheoslal  0/  Miiytr  ^  Wolff .~>\Ayc^  &  VVoitT,  of  Vienna,  have 
conslructc<l  a  simple  form  of  rlicosiat — a  wooden  box  containing  coils 
of  wire  corresponding  Io  1,605  Siemens'  units. 

Hydr0-rhecital  {water  rheostat,  or  liquid  rheostat). — For  all  the  prac- 
tical puri>oses  of  clcciro-ihcrapcutics,  even  for  the  most  delicate  appli- 
cations to  the  most  delicate  organs,  as  the  ear,  eye,  etc,  the  common 
water  rheostat — or,  as  it  is  sometimes  called,  hydro-rheostat,  or  liquid 
rheostat — is  sufficiently  precise,  and  in  convenience  is  incomparably 
superior  to  the  stopper  rheostats. 
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The  water  iheostat,  represented  in  the  cul,  is  simply  a  column  of 
water,  interposed  in  the  circuit,  and  so  arranged  tliai  the  distances  be- 
tween the  extremities  of  the  iiieUU  that  close  the  circuit  through  the 
water  can  be  increased  or  diminished  at  pleasure. 

The  i^recision  that  ]>h)-sioIogists  and  physicians  obtain  by  ihe  use  of 
the  stopjter  rheostat  is  more  apparent  than  real.  A  study  of  Ohm's 
law  will  show  that  the  quantity  of  electricity  that  flows  through  the 
body  in  any  elecirical  application  depends  nut  alone  on  the  nature  of 
the  conducting  wire,  and  the  number  of  cells  employed,  but  also  on  the 
nature  of  the  electrodes,  the  quality  and  degree  of  moisture  in  them, 
Ihe  amount  of  pressure  used,  their  distance  from  each  other,  and  the 


. 
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Hydro-RbeostRt  (Oalrftno-FM»iIi«  M»n«  factoring  Co.), 

part  of  Ihe  body  that  is  treated.  Those  who  are  particular  to  slate  the 
nun>ber  of  cells  employed,  and  Ihe  number  of  units  interposed,  arc 
therefore  much  less  precise  than  Ihey  sup|K)se  ;  for,  besides  all  ihc  quali- 
fications just  given,  Ihe  strength  of  even  the  most  constant  cells  varies 
more  or  less  from  time  to  lime  (sec  chapter  on  Ohm's  Law,  pp.  66-84). 
Reports,  therefore,  that  contain  in  full  detail  the  number  of  elements 
employed,  and  the  number  of  units  interposed  in  the  circuits,  are  appar- 
ently, but  not  really,  precise  ;  the  careful  physiological  researches  on 
definite  and  very  limited  portions  of  tissue,  the  statement  of  the  kind  of 
cell  employed,  and  the  number  of  them  and  ihe  number  of  resistances 
of  the  rheostat  iolerposcd,  may  convey  an  approximate  idea  of  the 
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^irengih  of  current,  and  thus  may  be  of  service  to  other  investigators, 
l>ut  in  the  very  nature  of  things  ihey  cannot  be  nccurale.  In  the  ordi- 
nary a[t)ilications  of  clectro-lheinpcutics,  unless  it  be  limited  electroly- 
sis, vec  oftentimes  slate  tJie  number  and  kind  of  cells  employed,  but 
always  with  the  implied  proviso  that  we  are  suggesting  approximate  and 
i>ut  mathemaiical  truth. 

So  far  as  jiroducing  delicate  shades  ami  grades  of  sensation  \i  con- 
cerned, the  water  rheostat,  when  properly  constructed  and  adjusted,  is 
fully  as  tnistworlhy  as  ihe  stujiper  rheostat,  and  far  more  convenient 
for  the  operator.  A  rheostat  of  some  form,  though  not  indispensable 
in  electrical  applications,  is  yet  a.  great  convenience,  and,  e5|>ecially  in 
central  galvanization  and  in  local  galvanization  of  the  nerve-centres,  a 
very  great  convenience.  In  ordinary  peripheral  applications,  unless  it 
be  to  very  sensitive  parts,  (he  rheostat  is  not  required. 


Kic,  6,, 
The  Carbou  Rlico»ui. 

The  advantage  of  this  and  various  other  forms  of  dry  current 
controllers  {Fig.  64)  that  have  been  suggested  lies  in  the  possibihty 
of  utiiiiing  the  whole  strength  of  one's  battery.  By  turning  the  milled 
disc  in  the  directions  as  indicated  by  the  arrows,  thereby  compress- 
ing or  relaxing  the  granular  carbon  contained  in  the  nibber  pouch, 
the  current  can  be  increased  or  decreased  at  pleasure.  The  ab.sence 
of  liquids  and  Ihe  non-corrosibility  of  the  material  that  offers  the  re- 
sistance is  a  decided  advantage. 
*      Many  of  the  instruments  for  current  measurements  on  the  market 
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sisteotly  as  to  greatly  inconvenience  the  operator.  Thw  insirument, 
by  mcAns  of  two  shunt  coils,  will  accurately  measure  a^  high  as  five 
hundred,  or  a?  low  as  one-tenih  of  one  milliampire.  The  dead  beat 
or  (lamping  effect  is  obtained  by  suspending  the  needle  in  a  cylin- 
drical block  of  copper,  three  times  the  diameter  of  the  needle.    The 
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Fig.  74  can  be  screwed  to  the  edge  of  a  table.  The  sponge  at 
Uie  lop  can  be  unscrewed  and  moistened.  In  many  applicaiions  to 
the  ear,  eye,  head,  and  face  this  is  a  most  convcaient  electrode  for 
Ihc  hand  of  the  patient  to  rest  ujTon. 

These  adjustable  electrodes  (Fig.  75),  which  are  made  of  several 
different  sizes,  have  long  been  to  us  indispensable.  They  can  be 
fastened  by  means  of  a  simple  cloth  band  to  any  part  of  the  body, 
ud  kept  there  as  long  as  may  be  necessary.. 
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Fm.  7$. 
AdjiisuWe  Electrode,  with  Band  (Kiclder). 


In  diseases  of  the  skin,  in  rheumatism,  in  sprains,  and  in  tumors, 

^-Tid  in  all  cases  where  it  is  desired  to  keep  the  electrode  long  in  one 

^pot,  they  are  most  convenient.     A  second  advantage  which  they 

*"*ave,  is,  that  (Hl-v  can  he  passed  easily  under  the  clothing,  thus  sav- 

*a»g  much  undressing  on  the  part  of  the  patient. 

These  adjustable  electrodes  can  be  covered  with  a  sponge,  which 
^an  be  sewed  through  the  hole  at  the  edge,  or  what  is  very  much 
^tter,  with  electrode  covers,  to  be  hereafter  described. 

We  uae  these  adjustable  electrodes  in  central  galvanization,  gaU 
vanir^ation  of  the  cervical  sympathetic,  and  brain  and  spine,  and  in  a 
Urge  variety  of  peripheral  apiiliratinns.  In  some  applications,  as  in 
central  galvanization,  one  electrode  is  adjustable,  while  the  other, 
held  by  the  patient,  is  of  the  ordinary*  form  with  a  handle.  We  do 
not  much  use  the  bands  that  accom]Kiny  them,  preferring  to  hold  the 
electrode  in  portion  by  allowing  the  clothing  of  the  patient  to  rest 
against  it,  or  having  the  patient  hold  it,  by  a  little  pressure. 
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Id  galvanization  of  the  sympathetic,  for  example,  the  adjustable 
electrode  can  be  easily  jilaced  under  the  collar  at  the  back  of  the 
neck,  and  kept  there  by  the  pressure  of  the  clothing. 

These  fianncl  covers  (Fig.  77)  arc  ]>rovided  with  elastics  in  their 
edges  so  thai  they  remain  in  position  when  put  on  ihe  electrode,  and 
arc  easily  slipped  off  and  on.  They  can  be  washed  like  towels*  and 
ihe  expense  of  making  them  is  so  slight  that  a  large  number  can  be 
kept  constantly  on  hand.     Another  advantage  of  these  dannel  covers 


Via.  76. 
Beard's  Adjustable  Ktectrode — somII 
aize — with  fiannel  caver. 


Fig,  ;;. 
FUnncI  Cover  for  Adjusiabte  Elee> 
trodc — smtJl  tixe. 


is  that  the  current  is  more  painfully  felt  through  them  than  through 
sponges,  and  hence  tliere  is,  while  using  thecn,  less  liability  lo  give  too 
strong  currents.  We  have  long  been  accustomed  to  use  these  covers 
in  all  central  apiilicilions  of  the  galvanic  current. 

These  adjustable  electrodes  with  sponges  (Fig.  78)  are  very  con- 
venient for  application  to  patients  conhned  lo  bed.     They  may  be 


Fto.  78. 
Adjustable  Elcctrod«,  wlifa  9poojre(Gal> 
vano-Faradic  MiUiufni:tunD£  Co. 


Oblonjr  Adju<iuble  Ftectrode  (Gal- 
vaao-Faradk  Manufacturins  Co. 


placed  under  the  patient  against  the  back,  or  on  the  abdomen,  or  oa 
any  part  of  the  body,  without  seriously  disturbing  the  position  of  the 
patient. 

W  atrrfn/revfrser  with  fitxibU  eiectredes. — Cut  83  represents  a 
current-reverscr  recently  dcMsed  and  perfected,  and  which  was  first 
constructed  by  Messrs.  Tiemano  &  Co.  It  is  now  also  made  by  the 
GaJvanO'Faradic  Manufacturing  Co. 

It  differs  mainly  in  this  feature  from  other  devices  to  accomplish 
the  same  purposes,  vix. :  thai  the  eurretti  is  rexfrsed  hjr  simple  and 
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ittgkt pressure  of  the  thumbs  without  tlic  inlcrvcntion  of  a  slide,  or  any 
complex  arrangement  whatsoever. 

The  letter  D  represents  the  button  of  the  spring,  by  pressing 
wluch,  the  current  is  intemipted  or  reversed.  Pressing  it  lightly, 
uitemi^ti  tlic  current  i  pre&sing  it  tiiinl}',  reverses  it. 


4 


I 


Fm.  to.  Fis.  Ii.  Fig.  Bi. 

-ctallic  brush       The  Mine  with  brush  pushed  whhin  Spinal  Elccuode. 

(Kidder).  the  cylLiiiJer  for  proteclioa.  Galwio -Faradic  MTg  Co. 

In  the  vertical  section  of  ihc  liartl- rubber  handle,  A  A  is  repre- 

^^eotcd  as  springing  up  against  the  metallic  plate  on  the  upper  and 

*■  Tiner  surface  of  the  handle.     Pressing  ihis  slightly  down,  metallic 

Connection  is  broken  and  the  current  is  interrupted,  pressing  it  firmly 

Tlown,  the  connection  is  made  antl  reirrsed  at  B  B,  the  metallic  plate 

on  the  lower  surface  of  the  handle. 

C  reprisents  the  wires  that  connect  with  the  battery,  inclosed  in 
■  nibber  tubing  F-. 

F  and  G  are  flexible  wire  electrodes  anncd  with  Bi»onges;  they 
cin  be  separated  several  inches  and  kept  there,  or  put  close  together 
as  represented  in  the  cut.  The  .•iihaiitagcs  of  this  are  these: — i.  la 
many  of  the  applications  of  localized  electrization  this  neat  and  sim- 


Beard's  Curreot-Rcvcrtcr,  with  flcxiL>lc  electrodes. 


2  In  cases  of  paralysis  of  molicm  and  nf  scnsatinn,  where  iW/tf/r 
aiiernaikes  arc  sometimes  indicated,  this  is  the  easiest  coaccivable 
method  of  reversing  the  current 

Uttpolarizable  Eleciredes, — It  is  well  known  to  clectro-physiolc^sts 
that,  in  consc!|ucncc  of  ihc  electrolytic  changes  that  take  place  during 
the  (lassage  of  a  current  from  the  electrodes  to  the  body,  a  change 
lakes  place  at  ihc  surface  of  the  electrodes,  by  which  a  new  electrical 
actiou  is  set  up  that  to  a  certain  extent  inleift^res  with  the  main  current 
and  also  causes  pain.  Klccirodes  thus  affected  arc  called  polarized. 
(See  Electro-Physics,  p.  31.) 

Dr.  Hitzig,*  of  Iterlin,  has  devised  electrodes  in  which  this  secondary 
electrical  action  at  the  surface  does  not  take  place ;  to  these  he  has 
given  the  name  uftpohritabU  electrodes.  These  are  made  unpotariza* 
blc  by  a  solution  of  sulphate  of  zinc.  By  the  courtesy  of  Dr.  Hitzig, 
we  were  enabled  to  test  ihem  while  in  Berlin,  anil  were  favorably  im- 
pressed with  their  action.  The  jiain  produced  by  stable  galvanisation 
is  sometimes  very  disagreeable,  and  by  these  electrodes  it  was  certainly 
diminished.     They  can  be  used  several  hours  without  exhibiting  any 

•  Uclier  <iie  Aiiwdnlung  utipolariMrh.ircr  Elcctroden  in  'Icf  E!eciroiher»pie.  Bcx- 
Uncr  Kliuuclie  WocbcoKlirifi,  1S67,  No.  89. 
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pciUmatioit.    The  subject  of  unpolarizable  electrodes  had  previously 
itxrived  the  attention  of  Rcgnauld,  Matteucci,  and  Du  Buis-Rt-yiiiond. 

Rubber  Coven  for  Conducting  Wires. — The  concluding  wires  con- 
necting the  electrodes  with  the  apparatus  are  covrrcd  with  silk ;  ihey 
nuy  be  still  further  insulated  by  flexible  rubber.  We  have  long  been 
accustomed  to  use  these  nibber  covcis,  nnd  are  much  plea&ed  with 
ihcm.  If  the  rubber  is  properly  prejiared  it  will  not  injure  the  silk 
covering  beneath  it.  Some  electrO'therapetittstshave  rubber  coverings 
vA  a  different  color  fur  the  two  poles,  thus  affording  a  ready  means  of 
distinguishing  them. 

Cure  of  Electrodes. — Electro-therapeutics  is  a  series  of  i^lelails  ;  ano 
among  the  more  important  of  these  details  is  the  care  of  ihc  electrodes. 
The  chemical  action,  even  of  the  secondary  coil  and  (aradic  cnrrcnt,  is 
siidicicnt  to  corrode  any  metal  that  ta  used,  except  platinum  ;  and  plati- 
num  electrodes  arc  rarely,  if  ever,  used  except  in  electrolytic  operations^ 
The  copper  plates  used  at  the  feet  in  general  faradization  become  more 
or  less  corroded,  and  reqmire  occasional  cleaning  in  order  to  keep  them 
bright.  All  the  general  and  special  electrodes  of  all  kinds  require  oc- 
casional polishing  with  sand-paper,  emery-paper,  or  whiting.  It  is  an 
advantage  to  have  the  electrodes,  as  well  as  the  batteries^  nickclized, 
so  as  to  reduce  corrosion  to  a  minimum. 

The  <|>onges  that  are  attached  to  the  electrodes  need  to  be  frequently 
washed  in  warm  water,  and  those  that  are  much  used  should  be  occa^ 
iionally  disinfected  with  chlorinated  solutions.  It  is  better,  however, 
to  make  delicate  and  particular  patients,  esi>ecLtlly  ladies,  supply  their 
ovn  sponges.  But  a  physician  who  has  a  large  general  or  special 
practice  nill  find  it  very  difficult,  if  not  impossible,  to  keep  a  large 
assortment  of  electrodes,  sponges,  and  electrode  covers  always  sepa- 
rate ;  and  hence  it  becomes  necessary  to  treat  many  of  the  patients 
with  the  game  electrode.  To  meet  this  difficulty  we  devised  the  elec* 
trode  covers,  elsewhere  described.  These  can  be  thrown  off  with  every 
application  and  washed  weekly,  like  towels.  The  expense  and  labor  of 
making  them  is  so  slight  that  some  el ectro-theiapeu lists,  after  using 
them  a  few  times,  cast  them  aside  entirely. 

European  Hatteries. — For  the  sake  of  our  European  readers,  we  give 
very  brief  descriptions  of  a  few  of  the  batteries  that  are  at  the  present 
date  most  used  by  European  clcclro-therapeulists.  Alt  who  consult 
this  book — Americaiis  as  well  as  Europeans — may  find  it  of  interest  to 
compare  the  workmanship  of  the  different  countries.  A  fact  which  such 
a,  comparison  constaiuly  suggests  is,  that  all  advanced  and  iiclive  cleclrol- 
o^isti  in  all  countries  have  lealizcd  the  same  difHcuUies  and  wants  of 
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the  sprcialty,  znd  have  sought  lo  overcome  Iheni  by  similar  or  nearly 
aimilar  methods,  and  nearly  all  have  in  a  greater  or  less  measure  sue- 
cecclcd.  Oh  ihe  wliole,  willi  special  advantages  or  disadvantages  on 
both  sides,  (he  American  batteries  for  the  fjradic  current,  the  galvanic 
current,  and  for  the  galvano-cautery,  arc  superior  to  the  Euroi>€an. 

Meyer  and  MiUtcr's  Faradie  M^iehme. — This  is  enclosed  in  a  small 
mahogany  box,  six  inches  high,  three  and  a  half  inches  deep,  and  six 
inches  wide  (Fig,  84).  It  is  run  by  a  zinc-carbon  cell.  The  primary 
and  secondary  currents  are  obtained  without  shifting  the  position  of  the 
wires. 

Siohrer' s  Faradic  Mathtnf. — This  well-known  separate-coil  machine^ 
which  is  run  by  a  zinc-carbon  cell,  is  widely  used  in  Eurojw?. 

Diufunmfs  faradic  apparatus  is  of  the  separate-coil  variety  ;  it  is 
inferior  in  portability  and  convenience  to  many  other  FAiro]>ean  as  well 
as  to  the  Ametican  machines.     It  is  run  by  a  Dunsen's  cell. 

Legendre' s  faradU  apparatus  is  jiopular  in  France,  on  account  of  its 
portability  and  cheapness. 

Caiffc's  faradic  apparatus  is  very  portable,  and  gives  a  fair  strength 
of  current.  He  has  made  two  forms  of  faradic  machines,  one  run  by 
a  chloride  of  silver  element,  and  the  other  by  a  sulphate  of  mercury 
element. 

Iht  BoiS'RfymontFs  faradU  apparatus^  or  "sledge,"  as  it  is  calle<l, 
is  run  by  an  element  o!  Grove  or  Bunsen.  It  is  provided  with  a  "gal- 
vanic key"  for  opening  and  closing  Ihe  circuit  at  pleasure.  The  ma- 
chines of  Benedict  and  of  Slemens-Halske  are  modifications  of  that  uf 
Du  Bois-Keyinond. 

Krtlger  &  Hirschmann,  of  Berlin,  have  constructed  a  good  faratlic 
machine,  which  is  run  by  a  Ivcclanch*^  clemeot.  It  is  arranged  for  slow 
or  rapid  interruptions. 

So  far  as  wc  are  able  to  Icam,  none  of  these  machines  have  any 
special  advantages  over  those  of  American  manufacture  previously 
described,  and  some  of  them  are  much  inferior  to  the  most  recent 
American  improvements. 

Slahrer's  Ztne-tariicn  Galvanic  Battery. — Dr.  Emil  SlShrer,  of  Dres- 
den, is  the  pioneer  in  the  art  of  making  convenient  and  trustworthy 
galvanic  apparatus  for  clcctri>-therai»cnM5ts.  He  makes  conibinationg 
of  zinc  carbon  cells,  both  portable  and  non-portable.  He  was,  we  be- 
lieve, the  first  (o  devise  convericnl  and  simple  currcnt-revcrsers  and 
current- selectors.  These  batteries  have  the  disadvantage  of  all  zinc- 
caibon  baUcries,  that  the  carlwns  arc  friable.     Tncy  also  polarize 
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Ti^  ohjtct  of  hcalistd  e/ectriu/hn  it  fff  confint  the  direct  acUen  0/ 
the  eurreni,  to  far  as  possible,  (o  some  particular  part  of  the  body. 

This  is  aceompUshid  by  placing  electrodes  so  that  the  current,  in 
passing  from  one  to  the  other,  shall  chiefly  traverse  only  that  particular 
part  that  is  to  be  a  felted. 

Both  currents  may  be  localized  in  this  way.  hence  ihc  division  of 
localij:c(J  electrization  into  localized  faradization  and  localized  galvani- 
xation. 

The  scientific  use  either  of  localized  galvanisation  or  faradisa/itm 
requires  as  accurate  as  possible  preliminary  diagriciis  of  the  disease. 

In  cases  of  doubt  it  is  necessary  to  electrize  in  succession  all  the 
suspected  localities  until  the  results  of  treatment  show  conclusively 
that  we  have  hit  upon  the  seat  of  the  disease.  Accordingly,  in  obstt- 
aatc  or  dottbtful  cases  the  head,  the  cervical  s^Tnpailietic,  and  the 
spine,  and  in  some  instajices  tlie  uterus  or  organs  of  the  abdomen,  are 
to  be  successively  electrized. 

In  the  very  numerous  cases  of  doubt  also,  when  the  locality  of  the 
disease  cannot  be  ascertained,  as  wcU  as  in  coixlitions  of  irritation 
where  electrization  of  the  seat  of  the  disease  will  not  be  borne,  peri- 
pheral applications  alone  are  frci|ueiitly  of  decided  semce.  For  peri- 
pheral applications  both  the  galvanic  and  faradic  currents  are  ujwxJ  ; 
for  central  applications,  chiefly  the  yalvania  In  some  diseases,  as,  for 
example,  locomotor  ataxia,  in  certain  stages  it  is  better  to  treat  the 
prominent  smiptoms,  as,  for  example,  the  anxsthesia,  than  the  scat  i( 
the  disease  in  the  spine. 

Instruments  for  Localized  JSleetrization. — In  localized  electrization 
the  same  galvanic  and  faradic  apparatus  are  used  as  in  general  electri- 
zation. For  localized  electrization  in  all  its  modifications  thei't  are 
needed  a  variety  of  electrodes  of  diiferent  shapes  and  sizes,  to  reach 
the  various  localities  and  accomplish  ^e  different  indications. 
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Of  die  electrodes  there  are  three  general  forms :  tht  tleetrU  hand , 
thg  metailie  brush ;  solid  metals  and  metals  eavertd  with  sponge 
fiaiine!,  linen,  or  chamois,  thoroughly  moistened. 

J}ry  or  Cutaneous  Faraiiizatiim. — To  accomplish  dry  faradl/ation 
thu  portion  of  the  skin  over  which  the  application  Is  to  be  made  should 
be  niped  thoroughly  dry,  or,  what  is  belter  slil!,  sprtnklvd  wilh  some 
alisorbing  jiowdcr,  as  the  common  nursery  powder ;  and  the  apptic-l 
lion  may  be  made  nith  the  dry  hand  of  the  operator,  or  witt:  metallic 
elcctrnOcs. 

In  dry  faradization  wilh  the  hand  there  is  heard  a  peculia;-  crackling 
sound,  which  is  caused  by  the  sparks  that  take  ]ilace  as  the  airreni 
pa&ses  from  different  points  of  the  hand  to  the  skin. 

^Vhen  the  dry  hand  ts  used,  tlic  a])cnitor  passes  the  current  through 
his  own  person,  ona  of  the  electrodes  applied  to  some  nc*r  point  by 
an  assistant,  or  held  in  the  liand  by  the  ]i:itient  hiuiself.  Solid  nielallic 
electrodes  of  various  shapes  may  be  used  for  dr}*  electrization. 

Dry  electri/alion  by  the  .iietallic  brush  with  a  strong  current,  faradic 
or  galvanic,  is.  a  very  painful  method  of  application,  and  is  to  be  re* 
sorted  to  only  in  tho^e  cases  where  there  is  profound  cutaneous  anxs- 
ihesia  or  in  neuralgia.  In  all  cases  where  there  is  great  sensitiveness 
the  hand  is  to  he  prefcrri^d  to  any  form  of  artificial  electrodes. 

Electric  Moxa. — The  so-called  electric  moxa  is  produced  by  using  a 
metallic  brusli,  plate  or  point,  and  one  moistened  electrode.  The  dry 
electrode  is  rapidly  touched  to  the  surface  where  the  moxa  is  to  be 
made,  while  the  other  is  kept  hniily  applied  10  some  near  and  irs 
different  point  The  surface  of  the  skin  may  previously  be  nibbed 
very  dry,  or  sprinkled  with  some  ab&orbing  powder. 

The  operation  requires  a  current  of  some  strength,  and  is  exceed- 
ingly painful.  It  is  chiefly  employed  as  a  counter-irritant  in  neuralgia, 
in  which  affection  it  is  frequently  successful.  TKe  electric  moxa  may 
also  be  produced  by  means  of  two  metallic  brushes,  one  of  which  i: 
pressed  on  the  skin, 

hleetrization  with  Moistened  Electrodes. — \Vhen  it  is  desired  to  affect 
the  tissues  lying  beneath  tlic  epidermis,  it  is  better  to  use  electrodes 
wivcred  with  sjiongc,  chamois,  or  llannel,  thoroughly  moistened  with 
salt  water  or  ordinary  water.* 

The  size  and  shape  of  the  electrode  employed  must  be  modified  ac- 
uording  to  the  situation  and  sensitiveness  of  the  part  where  the  current 

*  tn  (nradizalion  wc  never  or  but  tardy  us«  satt  in  the  water:  In  galvaniutjnn 
H  n  sonictimcs  a  grcac  advanUgc,  because  it  ovcccoincs  in  a  marked  iIci;rtB  the  le- 
■istancc  of  the  skin. 
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is  to  be  localized,  and  also  by  the  sensitiveness  of  the  patienL  As  a 
rule,  small,  finely-poinied  electrodes  are  required  for  localized  faradt 
zation  of  single  nmscles,  larger  electrodes  for  large  muscles,  or  groupi 
of  rauscles,  and  those  with  the  largest  surface  for  galvanization,  of  the 
s)'mi)athctic,  brain  and  spine. 

When  the  current  is  localized  by  means  of  moistened  electrodes,  it 
(liOftises  itself  through  ihe  body  between  the  electrodes  in  various  di- 
rections. The  extent  of  this  diffusion  will  be  variously  modified  by  the 
situation  of  the  electrodes  and  the  structure  and  relation  of  the  parts 
that  lie  between  them  (see  Kteclro  Pliysiology).  It  is  nianifest  also  that 
the  density  of  the  current,  other  conditions  being  the  same,  will  be  great- 
est  near  the  electrode  and  least  at  the  farthest  point  between  them.  7%* 
ttrengtli  of  the  current  being  the  same,  small  electrodes  are  more pamfui 
than  thost  with  a  broad  surface,  and  metaUie  more  than  the  wet  spcnge 
9r flannel.  The  least  painful  form  uf  urtiticial  electrode  Ls  a  soft  sponge, 
witl)  a  broad  surface,  and  well  moistened. 

Direct  and  Indirect  Electrization. — Two  general  methods  nf  localized 
electrization  arc  recognized — the  direct  and  the  indirect.  In  direct  cleo 
trization  the  apiilication  Is  made  over  the  muscle  to  be  excited.  In  in- 
direct electrization  the  application  is  made  to  the  nerve  which  supplies 
the  muscles.  In  the  former  metho<l,  large  elcctro<les  are  preferred ;  in 
the  latter,  usually  those  which  arc  small  and  pointed.  The  laradic  cur- 
rent is  best  indicated  for  direct  electtizaiion,  and  the  galvanic  for  indirect. 

The  points  where  the  motor  nerves  enter  the  mufcles  arc  called 
"  motor  points."  They  have  been  carefully  demonstrated  and  located 
t)y  Ziemsscn  and  ourselves. 

Definition  of  Terms. — In  stable  applications  both  electrodes  are  kept 
in  a  fixed  ]H>sitic)n. 

In  labile  applications  one  of  the  electrodes  is  moved  or  glided  over 
the  surface  ;  sometimes  both  of  the  electrodes  are  moved  simultaneously. 

K  current  is  called  continuous  when  it  is  allowed  to  flow  in  one  direc- 
tion without  intctnijition.  Only  thcgalvanic  current  can  be  continuous, 
since  the  faradic  ia  always  in  a  condition  of  intemiption. 

A  current  is  called  interrupted  when  it  is  broken  by  removing  one  of 
the  electrodes,  or  by  some  form  of  current-breaker  in  the  electrode,  oi 
by  any  method  of  bre.iking  the  circuit.  The  faradic  current  is  always 
intcrrupled  by  its.  rhcotomc,  but  it  may  be  still  further  intcmipied  by 
removing  one  of  the  electrodes. 

A  current  is  called  uniform  when  tt  remains  of  the  same  sbength 
duiiog  the  applications  of  tlie  electrodes. 

A  cutretit  is  called  by  us  increasing,  when  its  strength  is  graduall) 
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augmenled  during  the  appticidons.  This  method  possesses  a  great  ad* 
vantage  in  treating  conditions  of  irritation  and  infUmmation.  It  tnsy 
be  used  with  both  galvanization  and  faradization.  A  much  more  pow- 
erful current  can  be  Iwrnc  when  its  strength  is  gradually  increased  than 
when  it  is  suddenly  let  on  in  full  force  with  the  first  closure  of  the  cir- 
cuit, as  is  usually  the  custom  with  the  majority  of  electro-therapeu lists. 
A  current  which  when  suddenly  closed  may  cause  unbearable  pain,  and, 
when  applied  near  the  ner^'e<entre&,  may  induce  dizziness  and  faintness, 
may  oftentimes  be  bomc  without  discomfort  and  with  jwsitive  advantage 
if  it  is  gradually  inC[ease<I  from  a  very  mild  current.  With  the  faradic 
current  a  mild  anxsthesia  is  produced.* 

Increasing  currents  are  indicated  in  applications  to  the  brain,  sympa^ 
Ihetic,  spinal  cord,  the  eye  and  car,  urethra,  inflamed  joints,  and  to 
all  conditions  of  great  irritation  in  any  part  of  the  body. 

The  faradic  current  (of  Kidder's  apparatus)  may  be  increased  bf 
slowly  withdrawing  the  metallic  tube.  To  gradually  increase  the  gal- 
vanic current,  a  rheostat  of  some  kind  is  needed.  The  galvanic  current 
can  also  be  increa<ied  by  an  arrangement  that  gradually  adds  to  the  num- 
ber of  elements  n-ithouc  interrupting  the  current,  or  when  a  sponge 
electrode  is  usc<i,  by  slowly  increasing  the  pressure. 

The  term  voltaic  aUcmatives  is  applied  to  those  applications  in 
which  the  direction  of  the  current  is  reversed  contimially,  while  llie 
electrodes  are  kept  hrra.  The  curreni-revcrser  is  a  very  convenient 
instrument  for  producing  voltaic  alternatives  (see  p.  324). 

For  electrization  of  muscles,  labile  or  stable  intemi[itcd  currents  are 
preferred.  For  electrization  of  the  head,  spinal  cord,  sympathetic,  and 
nerve<tracts  and  plcxusLS,  stable  continuous  currents  are  indicated,  and 
these  again  may  be  either  uniform  or  increasing.  Labile  or  stable  in- 
temipted  currents  arc  best  adapted  to  produce  muscular  contractions, 
and  cause  most  potent  physical  and  mechanical  effects,  while  stable 
continuous  currents,  whctlicr  nnifitrm  or  Increasing,  produce  the  strong- 
est  electrolytic  or  catalytic  action. 

In  cases  whete  the  electro-muscular  contractility  is  not  greatly  di- 
minishcdt  it  is  an  advantage  to  use  electrodes  with  a  broad  surface, 
since  thereby  several  motor  points  may  be  influenced  simultaneously, 
together  with  a  considerable  extent  of  muscular  tissue,  and  because 
they  are  less  painful  than  small  electrodes.  In  such  cases  the  t'aradic 
current  is  preferable. 

When  the  electro  luuscular  contractility  is  very  greatly  diminished,  ai 

*  See  an  trliclc  on  Farndtc:  Anmlhetii,  !)j  Dr.  A.  1  riptei,  of  Paris,  In  ArcUtcs  ol 
Eltctrologjr  and  Neurotoi;y,  May,  1S74. 
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so  frequently  happens  in  paralysis,  contractions  are  best  praducec  hy 
small,  finely  poiiilcd  electrodes,  applied  at  tiie  motor  points  of  the  in 
dividual  muscles ;  yet  even  here  electrodes  of  moderate  size  are  asiiaily 
preferable.     Such  cases  often  require  the  gal>-anic  current. 

Delails  cf  Applications  of  LtreaUzfd  Eleeiritatisn, 

Gahamtatiott  of  the  Central  Nertexts  System.-^\\  is  necessary  to  beat 
in  mind  at  the  outset,  that  to  produce  powerful  electrolytic  effects  on 
the  brain,  spinal  cord,  and  sympathetic,  the  galvanic  current  is  prefer- 
able to  the  faradic,  although  the  faradic  current  certainly  affects  the 
nerve-centres, 

Gnlvanisation  of  the  Ifea/i. — ^Thc  head  may  be  electrized  in  n  variety 
of  ways,  according  to  the  supposed  seat  of  the  disease.  One  pole  m.iy 
be  placed  on  the  forehead  and  the  other  on  the  occiput ;  or  both  (Kites 
may  be  placed  over  the  ear*,  or  on  the  mastoid  processes.  Anoihct 
method  whicji  we  frequently  adopt  Is  to  place  the  positive  pole  on  the 
summit,  over  the  supposed  organ  of  firmness,  and  the  other  at  the  oc- 
ciput, or  under  the  chin. 

To  affect  the  base  of  the  brain,  the  electrodes  may  be  placed  on  oi 
behind  the  mastoid  processes.  To  confine  the  action  to  one  side  of 
the  brain,  one  electrode  may  be  placed  on  the  forehead,  over  the  e)'e. 
and  the  other  on  the  mastoid  process  of  the  same  side.  The  patient 
may  hold  one  of  the  poles  in  the  hand.  Still  another  method  less  used 
is  to  place  an  electrode  on  each  temple. 

Less  dizziness  is  caused  if  the  current  Is  opene<l  and  closed  with  the 
positive  than  with  the  negative  pole.  It  is  well,  therefore,  to  first  ap)>Iy 
the  negative  pole. 

Less  dizziness  is  caused  when  the  current  flows  through  one  side  of 
the  bead,  or  from  the  forehead  to  the  occiput,  tlian  when  it  is  seot  from 
one  side  to  the  other,  through  the  mastoid  processes  (se«  Electro- 
Physiology,  p.  7  13), 

Tfu  use  of  some  kind  of  a  rheestat^  soastd  avoid  interrupting  the  atr- 
rent  or  giving  sudden  '*  sheieks  "  on  elosing  nnd  openings  is  almost  indis- 
pensixbte  in  eleelrizing  the  brain  and  neck.  With  regard  to  the  direction 
of  the  current,  it  is  usually  better  to  place  the  negative  pole  nearest  the 
neck,  and  the  positive  pole  nearest  the  forehead.  But  this  nile  i*  liable 
to  many  exceptions,  and  each  case  must  be  studied  by  itself.* 

Klccirizalion  of  the  head  produces  flashes  of  hght  through  irritatiou 
of  retina,  and  dizziness,  which  with  many  is  disagreeable.    If  the  a{^ 

•  See  TCTiarlc*  on  polar  cffeclt,  p.  lOS. 
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plication  ts  too  lung  continued,  headache  and  inson-.nia,  and  g«nerd 
Mti/aise,  may  re&tilt.  Patients  whom  a  short  application  through  tho 
hend  bcncfiis,  are  sometimes  injured  when  the  stance  is  protracted. 
Galvanization  of  the  head  should  be  made  niih  broad  electrodes,  wiin 
a  stable  current,  which  may  be  cither  uniform  or  increasing,  and  shouUI 
not  exceed  from  one-half  a  minute  or  thrce-ijuartcrs  of  a  minute,  lo 
five  ur  ten  tiuiiiiCc&,  and  with  a  mild  current. 

To  all  these  rules  in  regard  to  the  strength  of  currents  diere  are  ex- 
ceptions. There  are  cases  of  even  ver>-  delicate  patients  that  will  beax 
aliiio<)t  any  amount  of  electricity  thnnigli  the  head  anil  ncclt. 

Gnh-anizafion  of  the  Cerz-ual  Sympaihttic. — The  portion  of  the  S)iii- 
paihetic  to  which  galvanisation  is  chieHy  directed  far  therapculical  pur- 
poses is  the  cervical,  although  the  cephalic,  thoracic,  and  abdominal 
ganglia  are  unijuestioiiabiy  affected  by  it,  tliough  not  widi  so  sjiecific, 
demonstrable,  and  iuimcdiate  results. 

There  are  a  number  of  methods  by  which  the  superior,  middle,  and 
it.ferior  ccr^'ical  ganglia  may  be  demonstrably  affected  by  the  galvanic 
currenL 
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Pic.  Sj. 
GalraniiatiOQ  ol  the  Cervical  Sympaihetic. 
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1,  One  electrode  with  an  oblong  extreout)*  U  placed  just  below 
the  auriculo-maxillary  fossa,  woilc  the  other  with  a  larger  suiface  is 
applied  ovf.-,  or  by  the  side  of  the  sixth  and  seventh  cervical  vertebras 
(sec  Fig.  85). 

*I"he  second  electrode  may  also  be  apphcd  at  any  point  along  the 
spiacr  from  the  occiput  to  the  coccyx.  It  is  by  this  method  that 
diplegic  contractions  are  usually  produced  with  most  success. 

2.  The  first  electrode  being  placed  as  beforo,  in  iJic  auriculo- 
maxillary  fo!isa,  the  other,  with  a  surface  of  moderate  diameter,  is 
applied  just  above  the  raanubriura  steroi,  by  the  &ide  of  the  stemo- 
cleido-mastoid  muscle  (see  Fig.  86). 


Galvanizulon  0/  ihe  C«nrtcal  SympKthede,  itkdodhif  the  Piieainoc>slrlc. 

The  second  electrode  may  also  be  applied  higher  up  in  the  neck, 
opposite  the  middle  cervical  ganglion. 

The  above  arc  the  two  methods  which  have  been  most  frcfttiently 
employed.     Other  methods  arc  the  following. 
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3.  The  first  clcclrodc  being  placed  as  before,  the  other  may  be  ap- 
]>1ied  on  the  shoulder,  elbovr,  or  in  the  hand  of  the  op|>osite  side,  or  m 
the  axilla. 

4.  Both  ftides  may  be  galvanized  simultaneously,  by  placing  an  elec> 
d'ode  over  the  mastoid  processes. 

5.  One  electrode  is  placed  just  above  the  manubrium  sterol,  and  the 
other  at  any  point  down  the  spi.-e. 

6.  One  electrode  is  placed  over  the  sixth  and  seventh  cervical  verte- 
brae, and  the  other  over  the  brachial  plexus,  at  the  pit  of  ihe  stomachy 
lost  above  the  manubrium  stemi.  in  either  hand,  or  at  the  feet. 

In  all  these  methods  cither  direction  of  the  current  may  be  used,  ac- 
cording as  calming  or  irritating  effects  are  desired  (see  p.  281). 

Concerning  the  physiological  eflccta  of  galvanization  of  the  sympa- 
thetic see  FJcctro-PhysioIogy,  p.  1 16. 

Applir'tions  to  the  sympathetic  should  be  made  from  one  to  ten 
minutes,  and  with  from  five  to  twenty-five  cells.  Several  methods  may 
be  tried  at  a  single  sitting  in  cases  where  the  applications  are  well 
borne. 

Bearing  in  mind  that  in  all  such  attempts  to  galvanize  the  ccrvicd 
s)'nipaiheuc,  the  pneumoga^tric  and  spine  must  be  more  or  less  influ- 
enced, the  general  indications  for  the  use  of  this  method  of  treatment 
to  which  experience  would  seem  lo  point  are  these  : — 

1.  Cerebral  anxniia  and  hj-pcrKinia.  These  conditions  are  associated 
with  and  are  a  part  of  a  large  variety  of  diseases.  Insomtiiat  hemiplegia,  ■ 
lie  douloureux,  many  diseases  of  the  eye  and  car,  as  ncurorciinitis,  ner- 
vous deafness  and  tinnitus  auriuin,  are  all  more  or  less  associated  with 
cerebral  aruemia,  hyperemia,  and  all  have  been  treated  by  galvanization 
of  the  cervical  symiiathetic,  with  more  or  leas  success. 

2.  Disorders  of  Iho  vasu-mulor  nerve*).  Under  tins  head  may  be  in- 
cluded some  cases  of  deficient  circulation,  cutaneous  hypcrsesthesia,  and 
certain  'liseases  of  the  skin. 

3.  Functional  diseaiies  of  the  digestive  and  genital  apparatus.  Gal- 
vanizarion  of  the  sympathetic  in  these  conditions  seems  to  worlc,  partly 
at  least,  by  reflex  action,  and  partly,  also,  by  the  influence  whidi  the 
spinal  cord  and  pncuinogastric  receive  during  the  applications. 

It  is  scarcely  necessary  to  remark  tliat  the  exciusive  use  0/  galvani- 
sation 0/  the  cervical  sympathetic  is  indicated  only  in  exceptional  eases. 
It  is  to  be  employed  in  connection  or  alternation  with  general  faradiza- 
tion and  galvanization  of  the  brain,  spinal  cord,  and  periphery.  A  note- 
worthy advantage  of  this  inethr>d  of  treatment  in  those  cases  for  which 
it  is  of  service  is  the  comparatively  short  time  required  for  its  employ- 
nienL 
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The  objection  that  gal vani cation  of  the  cervical  sympathetic  is  a 
dangerous  procedure  will  be  considered  in  the  chapter   on  central 

galvanization. 

CahHtnizaton  o/tfu  Spine. 
— The  spine  may  be  elec- 
trized by  placing  one  elcr- 
trodc  at  the  occiput,  and 
the  other  at  (he  coccyx. 
One  c(  the  electrodes  may 
be  kept  in  situ,  while  the 
other  is  slowly  passed  up 
and  down  the  entire  length 
of  the  cord.  Either  pole 
may  be  jiassed  up  and  down 
in  this  way  according  to  the 
effect  dcsirc-d. 

The  current  may  also  be 
localized  tn  any  part  of  the 
spine  tliatir.aybc  required, 
by  giving  the  electrodes  the 
proper  posiiion.  The  ap- 
plications may  be  made 
with  ten  cells  and  upward, 
and  should  not  usually  ex- 
ceed 6ve  or  ten  minutes. 
The  applications  should  be 
sensitively  felt,  like  a  gentle  mustard  plaster,  but  should  not  be  exces- 
sively painful,  tike  a  blister. 


t 


Fic.  I7. 
Fnradiratinn  of  the  Facial  Kerveand  Muscles. 
Eyelid  firaily  closed  and  oiouth  drawn  to  ooc 
«ide. 


Fii;.  88. 
Muscular  Faiadisation  with  metallic  clcctiodu  ( OucbcnocJ 


FftrjulixatioD  of  the  Muulo  of  the  Thigh,  contraction  of  the  qtodriccps. 


Fii.,  •/-.' 

FuadiuiiOD  of  ropliteal  Nerve  and  Peroneal  Muscles.     Foot  brought  upward  and 

outward. 
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Efectriiatitm  ef  PUxuset^  Nervei^  and  jtfiwrf«.— Plexuses,  nerve«, 
and  mu^ctes  are  treated  by  both  currents  (see  cha|>ter  on  [UtTcrcntia! 
itidications  for  the  use  of  the  galvanic  and  faradic  currents). 

One  eleciroiie  may  be  applied  to  a  plextis  and  the  other  to  oae  ofitf 
branches,  or  to  a  muscle  or  ^oup  of  muscles.  Both  electrodes  may  be 
ap[)licd  to  the  nerve,  o:  one  to  the  nerve  and  the  other  lo  a  muscle ;  oi 
both  may  be  appHcd  to  a  muscle  or  group  of  muscles.  All  these  appli- 
cations may  be  made  either  with  or  without  regard  to  the  directioQ  of 
tlie  current,  and  different  methods  may  be  tried  at  the  saiuc  stance. 

In  all  the  positions  described  in  the  above  cuts,  contractions  should 
be  produced  with  mild  faradic  currents,  when  the  electrodes  arc  in  the 
position  rcprescnte<l.  J/  very  strong  currents  are  necessary  or  no  con- 
tr actions  are  possible,  the  muscles  art  in  a  condition  of  disease. 

Peripheral  applicalians  are  indicated  sphere  the  disease  is  purely  ef  a 
peripheral  character;  the  partly  central  applications  are  indicated  where 
the  disease  is  of  a  central  origin. 

Labile  interrupted  applications  are  indicated  where  it  is  desired  to 
produce  mechanic^]  elT<!.-cts  or  itiuscitlar  contractions,  as  in  an;eslliesia 
and  ixtraUitis. 

Stable  continuous  applications  are  indicated  where  it  is  desired  to 
produce  electrotonic,  chemical,  or  catalytic  effects,  as  iu  neuralgia. 

Henedikt*  makes  the  following  somewhat  over-refined  subdivisions 
of  the  methods  ol  galvanitation  of  the  centre  and  periphery  : 

Sfinal-cord  Current :  both  |M>le3  are  placed  on  the  spine,  either  near 
together,  or  at  some  distance  from  each  otlier. 

Spinal-cord-root  current :  one  pole  is  placed  on  the  spine,  and  the 
other  is  passed  tip  and  down  by  the  sides  of  the  vertebrae. 

SpinaUordplexus  current ;  one  pole  la  placed  on  the  spine,  and  the 
other  on  a  pkxus  of  nerves. 

Spinal-cord-nerve  current :  one  pole  is  jilaced  on  the  spine,  and  the 
other  on  a  nerve. 

Spinaleordmuscle current :  one  pole  is  placed  on  the  spine  and  the 
other  on  a  muscle. 

Plexus-nerve  curreiU:  one  pole  is  placed  on  a  plexus  of  nerves  and 
the  other  on  a  nerve. 

Nerve-muscle  current:  one  pole  is  placed  on  a  nerve  and  the  othei 
on  a  muscle. 

These  currents  may  be  eidier  stable  or  IdtUe^  continuous  or  inter- 
rupted, uniform  or  increasing. 

•  Op.  ciL,  p.  s& 
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The  inctliod  of  clcctming  the  eye,  ear,  nose,  larjTW,  ccsoiihagux 
hearl,  lutigs,  siumach,  liver,  kidneys,  spleen,  intestines,  rectum,  bladder, 
male  and  tiiialc  organs  of  generation,  will  be  descnbed  in  the  chaiiten 
devoted  to  di&eases  of  these  organs. 

The  method  of  electrizing  individual  nerves  and  iiiiisclcs  has  been  Je- 
scribed  and  illustraied  in  llu-  c:lij|ilirr  on  t:lectro-lherai»eutical  inatuniy. 

Uffeet  <</  Current  medijUd  by  the  Ltngth  0/  ApplUntum. —  The  sensa- 
tions and  die  clfecES  of  electrical  applications  are  considerably  mndtliud 
by  Uic  length  of  tiine  ihac  the  electrodes  are  kept  in  position.  \V'hen  the 
faradu  current  is  first  applied  to  the  skin,  it  causes  a  stinging,  pricking 
sensation,  perceptibly  strongest  at  the  negative  pole  ;  if  the  electrodes 
are  kept  in  position  tlic  sensation  may  gradually  diminish,  and  the  paru 
will  become  very  slightly  benumbed,  and  if  now  the  strength  of  the  cur- 
rent be  gradually  increased,  Hltle  or  no  additional  jtain  i«  caused.  If 
the  current  is  at  fir^t  very  strong,  it  cannot  be  borne  Umg  t-nuiigh  to  pro- 
duce this  benumbing  effect. 

When  the  galvanu  current  Is  5rst  applied  to  the  skin  it  causes  no 
sensation  or  scarcely  any,  unless  it  be  very  strong  or  is  directed  over  or 
near  a  motor  nerve;  if  the  electrodes  arc  kept  in  i>ositlon  for  a  few 
seconds,  a  slight  burning  sensation  ts  felt  tit  both  poles,  but  strongest  at 
the  nej^ative.  This  burning  sensation  increases  quite  rapidly  until  the 
sensation  it  causes  is  like  that  of  a  strong  mustard  plaster,  or  hot  iron,  and 
becomes  unendurable.  The  beoumbing  effect  of  the  faradic  current  is 
not  experienced  The  fact  that  the  galvanic  current  is  but  liltic  felt  at 
tirsi,  leads  those  physicians  who  have  not  been  accustomed  to  it  to  use 
il  altogether  too  strung.  This  increase  of  the  pain  under  the  galvanic 
current  is  due  to  two  causes — the  moistening  of  the  skin  through  the 
moisture  of  the  electrode,  so  that  it  becomes  a  better  conductor  of  elec- 
tricity, and  the  special  chemical  action  of  the  poles  (see  Electro-l'hysi- 
ology,  p.  t8i}.  This  increased  comkicuvity  of  the  skin  is  the  partial  if 
not  complete  explanation  of  the  fact  that  the  muscles  contract  under  a 
feebler  current  after  the  electrodes  have  been  some  time  in  one  place.  It 
is  not  impossible,  however,  that  tlie  nerves  or  muscles  may  be  so  stimu- 
lated by  the  current  as  to  contract  more  readily  than  before  stimulation. 

The  reverse  proi>asition,  that  strong  currents  used  for  a  long  time 
enfeeble  the  nerves  and  mnaclcs  so  that  they  respond  less  readily  to  the 
current,  is  certainly  true,  and  is  easy  of  demonstration,  especially  in  cases 
of  facial  paralysis.  For  this  reason,  prolonged  applications  frequently 
do  more  harm  than  good 

Effects  of  LocifUsed  Bleetritation. — localized  electrization  has  to  a 
limited  extent  the  same  direct  effect  on  the  part  to  which  the  appUca- 
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tioQ  is  nude  tlut  general  electrization  has  on  the  vrhole  body.  It  acts 
as  a  locally  stimulating  ionic 

Imp^rpiemetit  in  Loiol  Nutrition  fhe  leading  tfftct  of  l^caliitd  Ett€- 
trisatijn. — The  leading  and  general  effect  of  localited  electri/ation,  and 
one  which  is  a  complex  result  of  the  various  special  effects,  is  imf'rtpt 
XftU  in  heal  nutrition. 

Localized  electrization  of  an  atrojihied  or  poorly  nouiished  mascl» 
causes  that  muscle  to  improve  in  size  and  strength  ;  localized  electrixkr 
lion  of  an  atrophied  or  poorly  nourished  organ,  as  the  uterus,  causes  it 
to  increase  in  size  and  improve  in  functional  activity. 

Localized  clectrixalion  of  any  |>3rt  of  the  cerebro-spinal  system  Im- 
proves the  nutrition  of  that  part,  and  as  a  result  the  whole  body,  cvei 
which  the  cerebro-sptnal  system  presides  "lay  improve  in  nutrition. 
Thus  localized  may  indirectly  have  some  of  the  same  effects  as  general 
eteari2aiion.  Similarly,  also,  as  we  descend  from  the  centre  toward  the 
periphery  electrization  of  any  ncn-c  branch  or  plexus  improves  the  nu- 
trition, not  only  of  the  nerve  acted  on,  but  also  of  its  various  branches, 
and  of  the  muscles  and  organs  that  it  supplies. 

\\*hcn  the  nutrition  of  an  atrophieil  part  is  improved  it  grows  largfr ; 
when  the  nutrition  of  a  hypcrtrophied  [lart  is  improvwlii  grows  smaller. 
The  same  treatment  that  makes  a  flabby  muscle  increa.<^  in  size  causes 
a  goitre  to  diminish  in  size.  These  opposite  eff'ects  of  the  local  use  ol 
electricity,  though  apparently  inconsistent,  are  yet  quite  consistent  (see 
Electro- Physiology,  p.  191  ;  and  Eicctro-Surgcry,  chapter  on  Tumors). 

The  //fa'o/ effects  of  localized,  unlike  those  of  general  electrization, 
cannot  be  broadly  stated  or  classified,  for  the  ohviotis  reason  that  they 
must  50  largely  depend  on  the  locality  to  which  the  application  is  made. 

Although  applications  to  the  central  nervous  systen\  are  sometimes 
folluwed  by  mild  and  limited  degrees  of  the  primary,  scconcJary.  and 
permanent  effects  that  result  from  general  faradization  or  central  gal- 
vanization ;  yet  the  cases  where  the  full  order  of  these  effects  is  so 
marked  and  decided  as  to  be  obscr\-e<l  arc  comparatively  unfrcqucnt. 

.Applications  to  the  brain  z.\\A  sympathetic  system  may  be  followed 
primarily  by  relief  of  pain,  slight  exhilaration,  a  feeling  of  warmth  or 
somnolence ;  secondarily  by  fatigue,  headache,  or  soreness  of  the 
muscles,  or  exacerbation  of  tlic  morliid  symptoms ;  and  permanently  by 
improvement  in  sleep,  strengili,  and  capacity  for  labor. 

But  this  ffrder  of  effects  from  loi  *lizcd  clectri2ation  is  exceptional,  even 
roui  applications  made  to  the  head.  More  frequently  the  permanent 
effects  are  experienced  wilhout  the  primary,  or  perhaps  both  llie  per- 
mnnent  and  secondary,  and  sometimes  only  the  latter. 
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Yet  none  of  these  constitutional  effects,  in  wliatever  order  thej  may 
occur,  are  experienced  to  the  extent  tliat  is  derived  from  general  fara- 
dization. 

The  agreeable  symptoms  which  are  most  frequently  observed  aftei 
localized  applications  to  tlie  nerve-centres  are  {iis/*ositi<m  to  sUepy  retirj 
«f  headache  cr  other  pain,  ami  occasionally  iVight  exhilaration. 

Sometimes  the  beneficial  results  of  electrizatioo  of  paralyzed  muscles 
follow  immediately  after  tlie  application.  The  patient  is  consci*HH  of 
an  ability  to  use  tJie  muscles  treated  with  greater  case  and  freedom. 
This  improvement  may  be  merely  tem|Kirary,  or,  as  is  more  frequently 
tile  case,  partial  relapses  occur,  leaving  a  certain  amount  of  iKmianent 
benelit.  Immediate  relief  of  neuralgic  pain,  and  of  tlie  reverse  con- 
dition, anxsthesia,  may  follow  localized  as  well  as  general  electrization. 
The  temporary  relief  of  tlic  neuralgia  may  be  complete,  while  that  of 
aiucsthcsia  is  usually  only  partial  and  limited.  In  both  conditions  the 
evil  symptoms  may  recur,  or  a  ceruin  amount  of  pertnanent  beneSt 
may  reiualn. 

Among  the  disagreeable  symptoms  are  dissiness,  heaviness,  appres' 
sioH,  heaJacke,  soreness  in  the  musdet,  exhanstwH,  and  indefinahU  ner' 
jvusness. 

These  disagreeable  symptoms  are  most  likely  to  result  from  aiipUca* 
tions  tliat  have  been  cither  too  severe  or  too  protracted  for  the  con- 
dition of  the  patient ;  and  yet  they  should  by  no  means  excite  ahum, 
since  they  often  accompany  the  most  successful  results.  These  un- 
pleasant  8)Tnptom5  are  more  likely  to  follow  the  use  of  the  galvanii 
current  than  thefaradic,  especially  when  the  applications  arc  protracted 
'I1ic  opinion  that  has  been  expressed  by  certain  writers,  that  the  head  is 
more  likely  to  be  unpleasantly  affected  by  the  faradic  than  the  galvanic 
current,  is  not  sustained  by  experience.  The  phenomena  of  dizziness, 
heaviness,  etc.,  frequently  experienced  after  even  a  very  short  applica- 
tion lo  the  head,  arc  but  rarely  observed  when  the  faradic  ciirreni  of  a 
coiuinuous-coi!  apparatus  is  employed,  with  a  large  soft  sponge,  or  the 
hand  of  the  operator. 

Applications  of  localized  electrization  to  indi\"idual  muscles  or  groupt 
of  muscles  rarely  give  rise  to  any  constitmional  symptoms  whatever, 
unless  the  electrodes  are  placed  on  or  near  the  head. 

The  special  effects  of  localized  clecLrizaiion  of  special  organs,  as  the 
eye,  car,  larj-nx,  stomach,  liver,  intestines,  uterus,  ovaries,  bladder,  etc, 
will  be  described  in  the  chapters  dcvoced  to  the  treatment  of  the  diseases 
of  these  organs. 

Abioitite  Loealisation  of  EUetrieity  impossible.— \\  should  be  con 
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sidcred  that  exclusive  and  absolute  hcalixathn  of  the  effects  of  electrixa- 
Hon  is  impossible.  The  cfTt-cts  of  both  currents  exicml,  cither  directly 
or  by  reflex  action,  to  parts  beyond  the  circuit.  Tliis  is  dcraonsl rated,  not 
only  by  phywological  expeniiients,  but  by  the  observed  facts  of  clinical 
experience.  Thus  it  is  observed,  in  some  irritable  conditions,  that 
galvani/ation  of  the  sptnL*,  and  even  of  the  extremities,  causes  a  metallic 
lastc ;  Uiat  galvanization  even  of  the  hands  or  feet  somciimcs  hasiens 
ur  tncreises  the  menstrual  discharge,  relieves  headache,  and  pioduces 
sleep.  The  same  effects  to  a  less  degree  are  someiimcs  ob-^ervcd  frora 
faradization. 

Some  of  the  illustrations  of  this  fact  are  quite  striking.  Thus  in  the 
case  of  the  wife  of  a  phyucian  whom  we  were  treating  by  faradization  of 
the  shoulder  for  rhcumatisra,  the  menstrual  flow  was  so  much  increased 
and  prolonged  that  it  was  necessary  to  abandon  the  treatment,  allliough 
only  very  mild  curreiifh  and  short  appiicalions  weie  used. 

In  the  case  of  a  lady  whom  we  were  treating  for  sciatica,  by  localized 
galvanization  of  the  itainfu)  portion  of  the  nerve,  tlic  [Kiin  was  de- 
ci<lcdly  retievtd,  but  the  eft'eci  was  lo  bring  on  a  recurrence  of  the 
menses  after  they  were  suspended,  ftO  tliat  tli«  patient  was  nearly  all 
the  time  menstruating. 

7*hese  illustrations  are  extreme  and  comparatively  rare,  but  they 
serve  to  show  clearly  enough  that  the  effects  of  electrization  cannot 
vrcll  be  localized  to  the  points  between  the  electrodes,  and  thai  other 
and  distant  parts  must,  of  necessity,  be  more  or  less  .ifTected. 

The  tcnn  /iva/Zwi/ electrization,  Introduced  by  Duchcnne,  is  therefore, 
strictly  speaking,  a  misnomer,  since  we  are  taught  by  physics  that  tiie 
vibrations  of  the  electrical  force  must  diffuse  themselves  in  various  direc- 
tions,  and  at  a  considerable  distance  from  tile  electrodes,  and  we  are 
taught  by  clinical  experience  that  the  effects  of  electrization,  however 
near  iogethc:  the  electrodes  may  be  placed,  are  not  entirely  confined 
to  llic  iwinla  between  or  near  tlie  electrodes,  but  may  be  fell,  and  in 
iomc  instances  far  more  demonstrably,  in  distant  parts  and  organs. 

To  the  use  of  the  term  localised  electrization,  there  is  no  objection, 
provided  it  be  used  understand ingiy,  and  with  the  idea  that  it  is  merely 
a  term  of  convenience.  The  temi  local  electrixation  is  often  used 
synonymously  with  localized  electrization,  and  for  the  reasons  here 
suggested  is  preferable  to  iL  Localized  electrization  has  the  advantage 
Xi{  being  first  in  the  field,  and  has  become,  to  a  certain  extent,  con 
secrated  by  tisage. 
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The  object  proposfd  in  generat  faradisation  is  to  bring  every  portion 
•}/  the  boiiy  under  the  infiuence  of  tht  faradie  current,  so  far  as  is  fos- 
title,  by  extiraal  applications.  T7ils  is  best  aceomplished  by  placing 
one  pole  {usually  the  negalive)  at  the  feel  or  the  coccyx,  while  the  other 
is  applied  over  the  surface  of  the  body. 

The  faratlic  is  llic  current  which  is  ahiiost  exclusively  cniployeil  in 
general  electrization,  and,  for  (hat  reason,  the  tlireciions  and  cxplaru- 
tions  given  in  this  s«ciion,  wilh  (he  exceptiuns  that  will  1>c  noted,  apply 
mainly  and  specially  to  general  farndizaiioii.  Since  the  tlisrovery  of 
central  galvantjcation,  to  be  herea.rier  described,  we  have  discarded  (he 
term  general  electrization,  and  substituted  ^cti^tvA  faradization,  for  the 
reason  that  the  galvanic  current  is  preferably  used  in  the  form  of  cen- 
tral gal  vail!  jLation. 

In  the  majority  of  cases  it  is  more  convenient  and  satisfactory  lo 
hiave  a  sheet  of  copper  at  the  feet.  This  position  is  indeed  llie  rule  in 
general  faradization.  The  broad,  callous  soles  of  the  feet  are  but 
slightly  sensitive,  and  will  bear  a  stronger  current  than  any  other  [lor- 
tion  of  [he  surface  uf  tlie  body.  Rut  the  pa-S!<age  of  electricity  through 
the  ankles  causes  vigorous  contractions  of  the  flexors  and  extensors, 
which,  when  llie  current  is  very  strong,  may  be  somewhat  painful.  Ac- 
cordingly, when  [he  patient  is  peculiarly  nervous  and  sensitive,  or  when 
a  current  of  unusual  strength  is  to  be  employed,  and  in  all  cases  where 
a  stronger  application  is  desired  than  can  be  borne  through  the  ankles, 
or  when  it  is  desired  to  save  time  or  inconvenience,  it  is  advisable  lo 
have  the  patient  sit  on  the  plate,  or  a  sponge  electrode  with  a  brtwd 
surface  may  be  applied  lo  the  coccyx. 

In  general  faradization,  as  in  localized,  the  currents  may  be  stabU 
(stationary')  or  labile  (nToving),  uniform  or  increasing. 

Increaiint^  currents  arc  ada|)ted  for  certain  iniiwrlant  centies,  as  the 
head,  spine,  cervical  sympathetic,  and  ciliospinal  and  epigastric  regtons^ 
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The  advantage  of  this  method  of  application  is  that  it  allows  the  use  of 

a  stronger  current  than  will  otherwise  be  borne ;  the  strength  of  the 
current  may  be  so  very  gradually  increased  that  the  increase  within 
certain  limits  may  be  almost  imperceptible  to  the  paiieut.  This  arises 
|«artly  from  the  fact  that  the  current  has  a  slight  benumbing  or  ana:sthctic 
cfTect  (see  Electro  Physiology,  p.  1 1 1).  and  partly  fioni  the  fact  that  by 
a  gradual  increase  of  the  sirergth  of  the  current  the  patient  is  spared 
the  shock  that  is  experienced  when  a  strong  current  is  suddenly  directed 
through  sensitive  portions  of  the  botiy. 

LahiU  and  iHterru//(d  currents  arc  adapted  for  the  muscles,  especially 
of  the  extremities. 

Genera/  faradization  is  very  far  from  being  so  easy  a  process  as  it 
might  api>car  from  this  brief  description.  lis  successful  cmploymenl 
requires  on  the  part  of  the  operator,  sonic  mechanical  dexterity,  entire 
Eimiliarity  with  the  instruments  required,  a  complete  knowledge  of 
electro- therapeutical  anatomy;  a  personal  acquaintance  with  the  sen- 
sations and  behavior  of  all  portions  of  the  body  under  the  diflerent 
electric  currents  ;  close  and  paiient  study  of  the  diseases  and  morbid 
conditions  in  which  it  is  indicated,  and  of  their  response  to  faradization. 
There  are  those  who  by  long  practice  are  enabled,  when  [iccc&sary,  to 
readily  manipulate  any  portion  of  the  body  with  cither  hand,  while  there 
is  passing  through  thein  a  current  so  powerful  as  to  keep  many  of  the 
principal  muscles  of  the  amis  in  a  state  of  contraction.  This  qualifica- 
tion, however,  titoiigh  convenient,  is  not  indispensable. 

On  the  side  of  the  patient,  success  in  the  use  of  general  faradiza- 
tioD  requires  sometliing  of  the  same  patience  and  perseverance  that 
are  conceded  to  be  necessary  for  success  in  the  use  of  any  other  form 
of  electrical  treatment. 

Nothing  is  more  dillicult  than  to  fully  and  accurately  describe  in 
words  an  operation  that  in  its  \ftvf  nature  demands  actual  sight  and 
experience.  The  true  method  of  learning  the  art  of  gctieral  faradiza- 
tion is  by  repeated  observations  of  its  application  to  the  living  subject, 
by  personal  experience  of  its  sensations  and  results  at  the  hands  of 
(iractiscd  adepts,  and  by  long  and  various  experimenting  on  diverse 
tcni[>crament,  and  in  opposite  states  of  disease.  We  shall  enJcavor, 
nowcver,  to  present  the  best  possible  substitute  for  a  course  of  private 
lessons  or  extended  clinical  observation  in  this  department,  by  answer- 
ing in  detail  the  practical  questions  tJiat  naturally  present  themselves 
to  one  who  approaches  the  subject  ab  initio,  and  who  has  no  oppor- 
tunity for  personal  interviews  with  those  to  whom  the  various  steps  of 
the  operation  ha\  e  become  already  familiar. 
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GiysRAL  pARAntZATinx — applicAttoo  ta  tlie  head  \iy  ihe  ItanJ  ol  the  o|>craior. 
(In  tliis,  u  in  all  uftlie  cult  oT  pcneial  faiiuluation,  (or  cuiivcnience  of  illaura- 
ticMt  t1i«  patient  is  rcpretenlcd  without  any  covctin^;.  In  (he  iiujoritjr  of  caxt 
they  ue  [)iutc^.tc<i  l>y  a  sh^vrl  oi  wrapper,  oiiJ  freiiueiitljr  lite  undcrclolhiE^  u 
not  rcmovol. 


Pasifion  of  ihe  P,ttieni. — TKe  patient  should  be  seated  on  an  or- 
dinary stool,  with  his  face  toward  the  instniiiient,  and  his  feet  on  ilw 
alieet  of  copper  lu  which  Uie  negative  pole  is  attached-  Any  chair  that 
hu  a  back  or  amis  will  soincM-hat  interfere  with  the  ti)anip:ilatiun&  of 
the  oiicrator. 

Those  patients  who,  through  paralysis  or  debility,  are  unable  to  sit 
up  at  all,  can  receire  the  treatment  while  tying  in  bed  or  on  a  lounge 
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In  such  CAses  the  sheet  of  copper  may  be  placed  upright  against  a 
{•illuw,  anil  the  feet  of  tiie  patient  pressed  agaiitst  tt,  or  an  clcctroiie 
niay  l>c  placed  at  iJie  coccyx.  Assistance  will  ilien  be  required  to  turn 
the  palient  when  the  application  is  made  to  the  back  and  spine,  but  in 
such  cases  partial  applications  are  frcqucnlly  all  that  arc  required. 

Infants  and  very  feeble  or  very  timid  children  should  be  held  iu  the 
tap  of  llie  mother  or  nurse,  while  an  a£:iistant  holds  llic  sponge  to  Uiu 

coccyx. 

While  the  application  is  being  made  to  the  lower  limbs  it  is  well  for 
the  |>aticDt  to  stand,  in  order  that  the  operator  may  have  access  to  the 
gluteal  regions  and  the  posterior  and  anterior  surface  of  die  tJugll. 

Position  of  (he  Operator. — Wliilc  making  applications  to  tiie  trunk, 
the  operator  may  cither  stand  or  sit  by  the  side  of  the  patient,  conve- 
niently near  to  the  table,  cm  which  are  placed  the  apparatus,  electrodes, 
sponges,  bowl  of  water,  and  other  appliances  Uut  may  be  called  for 
during  the  application. 

While  operating  on  patients  taller  than  himself  the  operator  will  find 
it  easier  to  stand,  especially  while  treating  the  head  and  upper  portion 
of  the  trunk.  While  treating  short  patients  the  oiKrrator  will  find  it 
less  fatiguing  to  sit  in  a  chair.  Most  operators  will  find  it  very  conve- 
nient to  cliaiige  their  position  frotn  a  fitting  to  a  standing  posture,  or 
from  one  side  of  the  patient  to  the  other,  wtiilc  making  the  applications 
to  the  various  parts  of  the  trunk. 

Minor  Apparatus. — Klecirodcs,  sponges,  and  copper  plate. 

The  best  electrode  for  the  i>ole  that  is  a[tp1ied  over  the  patient  is  a 
brass  ball  of  about  one  inch  in  diameter. 

Around  tills  brass  ball  should  be  loosely  folded  a  soft  wet  sponge, 
of  about  six  inclics  in  diameter.  This  is  fuui>d,  by  experience,  to  be 
by  far  the  most  convenient  fumi  of  artificial  electrode  that  can  be 
devised.  Next  to  the  moistened  hand  of  tlie  operator  it  ts  the  most 
agreeable  to  the  patient  of  any  shape  or  quality  of  electrode.  The 
'■fponge  can  be  pressed  or  folded  over  tlie  brass  ball  so  as  to  make  a 
c.om[jara.tivc"ly  small  electrode,  or  its  entire  surface  may  be  applied. 

When  the  operator  allows  the  current  to  pass  through  his  own 
person,  and  uses  his  hand  as  an  electrode,  holding  the  sponge  and  ball 
in  his  other  hand,  he  can  modify  the  application  to  any  degree  of 
strength  or  mildness  that  he  may  desire,  by  simply  increasing  or  di- 
minishing the  pressure  of  his  hand  or  fmgeis  on  the  sponge.  Used  in 
iliis  way  tlie  sponge  holding  the  water  acts  like  a  hydro-rheostat  (see 
p.  319).  When  it  is  necessary  tliat  the  applicat'on  should  be  particularly 
gentle  and  cautious,  it  is  well  to  rest  t  e  ball  and  s^wrgc  on  the  table 


GVKtttAi.  FARAOir^TiDN — appUotion  to  the  (pine.  The  hand  of  the  opctatoi 
U  on  Che  mctajlic  tube,  in  a  (jomUuii  to  Increase  vt  dicninitb  the  cuiicnl  u  ma/  be 
needed, 

and  to  begin  the  treatment  by  first  pressing  one  hand  /irmly  over  th€ 
part  disircd  to  be  affected,  and  with  the  oiher  lightly  and  delicately 
touching  the  sjionge,  at  first  with  one  finger,  then  with  two,  three,  and 
four  Bticces&jvely,  and  finally  with  Ihe  whole  hand,  thus  giving  a  very 
pvatlually  increasing  eurrenl.  Raines'  electrode,  which  is  a  sponge 
covered  at  the  back  «'ilh  rubber,  is  very  convenient  for  general  fara- 
dization. 

A  piect  of  copper  plate  is  recommended  for  the  negative  electroJc^ 
beransc  it  is  found  by  experience  to  be,  on  the  whole,  more  convc 
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nient  tlian  any  other  orrangement  that  has  yet  been  suggested.  The 
bowls  of  warm  water,  large  sponges,  etc.,  Uiat  have  been  suggested) 
arc  not  only  much  less  cleanly  and  convenient  than  the  copper  plate, 
but  are  also  much  poorer  conductors.  Metallic  slippers  arc  more 
troublesome  than  the  broad  plate,  though  their  appearance,  perhaps, 
is  uiore  onianiental.  It  needs  more  care  to  put  on  the  slippers,  and 
if  the  pancnt  loses  his  self-control  during  any  stage  of  the  application, 
and  throws  up  his  feet,  it  is  something  of  a  task  to  find  the  slippers 
agnin  and  accurately  adjust  them. 

In  the  use  of  the  copper  plate  these  details  must  not  be  forgotten  : 
Firsts  to  keep  it  well  warmed,  in  cold  weather,  by  a  piece  of  heated 
soap-stone  beneath  it ;  secondly,  to  keep  it  slightly  moistened  with 
warm  water,  in  order  to  improve  the  connection. 

If  only  one  foot  is  applied  to  the  copper  plate,  the  pain  in  the  ankle, 
during  certain  stages  of  strong  applications,  will  be  unendurable.  In 
mild  applications  it  is  sufficient  to  have  one  foot  on  the  plate.  It  is 
necessary  ever  Id  bear  in  mind  the  rule,  that  the  pain  of  electrical 
applications,  other  conditions  being  equal,  is  in  invene  proportion  to 
the  surface  of  the  electrode.  The  larger  the  surface  of  the  electrode — 
whether  positive  or  negative — the  less  the  pain.  In  this  fact  consists 
the  advantage  of  using  large  sponges. 

In  general  faradization  the  pain  at  the  negative  pole  is  chiefly  felt  at 
the  ankles,  and  somewhat  at  the  iocs,  but  not  on  the  bottom  of  the 
feet.  The  feeling  of  constriction  in  the  ankles  is  caused  by  the  rapid 
and  violent  contractions  of  the  muscles.  If  only  one  foot  is  applied  to 
the  plaie  tlie  entire  force  of  the  current  nmst,  of  course,  be  borne  by 
that  foot,  and  furthermore,  the  other  limb  will  receive  no  direct  benefit 
from  the  treatineiU. 

The  trouble  of  removing  the  shoes  and  stockings  may  be  obviatwl  by 
placing  a  large  .sponge  connected  with  the  negative  pole  at  the  coccyx, 
or  on  the  thighs. 

Facitil}',  skill,  atid  readiness  in  use  0/  the  various  methods  of  modi' 
fjing  the  strength  and  quality  0/  the  current  is  one  very  important  secret 
ef  success  in  the  use  of  general  faradization.  A  skilful  operator  will 
cause  less  discomfort  7vilh  a  strong  eurrent  than  one  who  is  awkward 
will  cause  with  a  very  weak  current. 

Details  of  the  Applications  to  the  Different  Parts  of  the  Body. — As 
the  various  parts  and  organs  of  the  body  differ  very  widely  in  their  sus- 
ceptibility to  faradization,  and  In  the  effects  which  they  receive  from  it, 
it  becomes  necessary  to  explain  ilie  modus  operandi  of  the  applications 
witli  considerable  fulness  of  detail. 
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AppUcatims  h  the  Hend. — The  head,  esprciatly  the  forehead,  is.  by 
far,  more  sensitive  to  the  electric  currents  than  any  other  portion  of  the 
surfacu  of  the  body.  The  ittfo  reasons  for  this  arc  sulBcicnlly  obvious. 
The  surfaces  of  bones  arc  always  sensitive  to  l\\':  faratiic  currcni,  as  to 
any  other  mechanical  inlluence  ;  and  the  cranium  is  no  exception  to 
this  law.  TKen.  again,  the  fifth  pair  is  an  exceedingly  sensitive  nerve 
in  all  its  ramifications,  and  especially  over  the  forehead. 

There  are  many  cases  that  do  not  bear  even  mild  applications  to  (he 
front  and  top  of  the  head,  and  n-lio  seem  to  be  injured  ratlier  than 
ticnefitcd  by  it.     With  othcni,  the  effects  arc  highly  agreeable. 

In  treating  the  forehead  the  operator  should  first  press  his  moistened 
hand  fircnly  over  the  head,  and  ihen  making  the  connection  with  his 
other  hiind  on  tlie  sponge  and  brass  bail  of  the  positive  pole,  should 
allow  the  ciirrtnt  to  jiass  steadily,  without  Interruption,  for  one  or  two 
minutes.  In  Kidder's  faradic  apparatus,  A  B  is  the  best  current  for 
the  forehead.  The  use  of  tlie  hand  as  on  electrode  is  particularly  de- 
sirable in  making  applications  to  the  forehead. 

Maiittmng  the  Hair, — The  dry  hair  is  a  nonconductor,  and  there- 
fore it  is  always  necessar)'  to  tt'et  it  freely  before  eleetriting  any  portion 
of  the  head  that  is  covered  by  iL  It  is  not  usually  desirable  to  com- 
jKi  lady  patients  to  pull  down  tlieir  hair,  or  to  tliorouj;hly  moisten  it. 
A  vcryimportant  centre  for  affecting  the  brain  is  the  crown  of  the  head, 
between  the  ears  over  the  so.calIed  organ  of  firmness,— the  cranial  cen* 
trc  If  the  hair  at  this  point  be  sufficiently  moistened  to  admit  the  ]>as- 
sage  of  a  mild  current  with  any  convenient  form  of  electrode,  a  peculiar 
and  slightly  painful  sensation  Is  experienced. 

In  some  exceptional  cases  of  disease  the  head  will  bear  currents  of 
eonsiderable  strength.  The  back  of  the  head  over  die  cerebellum  will 
usaally  bear  quite  strong  applications.  The  current  is  felt  through  the 
ramil'icalions  of  the  occipital  nerves,  giving  rise  oftentimes  to  sensa- 
tions not  only  painless,  but  absolutely  agreeable. 

AppHeathns  to  the  Nt£k  and  TJiroat. — The  back  jiart  of  the  head 
and  upper  portion  of  the  spine  will  usually  bear  powerful  applications, 
it  is  an  interesting  and  important  fact  thai  very  marked  rffeets  may  6t 
produeed  by  s^nerai  ftradizaiion,  even  when  the  appliealions  are  made 
fifth-  to  the  baek  and  sides  of  the  neek. 

'llie  re.ison  for  this  will  be  clear  when  we  come  to  study  the  eleetro- 
therapeutieal  anatomy  of  the  parts.  From  the  upper  portion  of  the 
5[iine  and  base  of  the  brain  proceed  the  most  important  and  most  sen. 
sitive  nerves  of  the  body — the  pncumogastric,  and  tlic  brachial  plextib, 
and  the  phrenic  ner\'es. 
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Ftirihermore,  the  sympathetic  or  ganglionic  system  runs  close  by  the 
si'ine,  near  to  the  carotid  artery,  ami  may  be  reached  anJ  affected  elec- 
trically by  pressing  finiily  with  the  fingers,  by  the  anterior  bordei  of 
the  s:emo-cleidoin:isloiU  tniiscle,  at  those  points  where  the  pressure  yf 
ihc  carotid  is  most  readily  felt. 


^m 


rio.  9j. 

CKMUtAL  rABADiZATiov. — Application  to  the  brachial  plexus  by  the  hanil  of  ihe 
operator,  TrKtlmeiit  b)'  this  method  is  not  only  unattcntlnl  with  painful  sen- 
■atiotis,  but  is  alMokitdy  agreeable  la  its  imrocdtate  cCTccu  npoo  the  patient. 
The  flexibility  of  the  hand,  ifs  power  of  adapLatioa  lo  every  icc»iuality  o( 
Rorfacc,  rentUrs  it  far  puperior  in  applications  over  sensitive  ar«a5  to  any 
artificial  clectrtxle  that  human  fliill  can  dirvisc. 


If  the  sponge  be  pressed  5rnily  on  the  cilio-spitial  centre,  over  the 
suth  and  the  seventh  cervical  vertebra,  and  moved  slightly  on  either 
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ride  of  the  spine,  while  a  powerful  cuiront  is  p&ssing,  ihr  electric  infla- 
ence  may  be  perceptibly  communicated,  not  only  to  the  spine  bat 
also  to  the  larynx  tlirough  the  laryngeal  nerves ;  to  the  stomach 
through  the  pnemnogastric  \  to  the  lungs  through  the  phrenic;  to  both 
amis  and  hands  through  the  brachial  plexuses  and  their  branches— ^'jf 
%hort.  to  the  mast  important  nertia  and  organs  of  tht  body.  The  sym 
pathetic  is  also  directly  affected  at  this  point. 

There  is  no  other  single  place  on  the  surface  of  the  body  where  iha 
electrical  influence  can  be  communicated  to  so  many  important  nerves 
u  at  the  cilio-spinal  ceiiire.  In  order,  however,  to  affect  all  these 
nerves  and  organs  above  mentioned  by  faradization  it  Is  necessary  to 
use  a  powerful  current,  and  to  press  the  sponge  very  firmly  sgainst  the 
skin. 

In  very  flfshy  patients  tt  is  sometimes  quite  difficult  (o  aff'ect  the 
brachial  plexuses  and  their  branches  in  the  arms  and  hands  M-ithout 
using  a  stronger  current  than  can  well  be  borne  through  the  feet  and 
inkies  at  the  negative  pole.  This  application,  so  far  froni  beinij  |*ain- 
ful,  is  to  many  positively  agreeable.  The  tkriU  which  It  comiiinnicates 
to  the  nerves  and  vital  oigans  is  often  so  delightful  that  the  patient  re- 
quests to  have  the  application  prolonged.  In  patients  who  can  bear  it, 
this  application  at  the  cilio-spiual  centre  may  be  varied  \i\  suddenly 
internipting  the  current. 

This  application  is  a  very  important  factor  in  general  faradization,  and 
will  achieve  decided  tonic  efTccls  on  the  system,  even  when  no  other 
portion  of  ilie  body  is  touched  by  tlic  current.  The  immediate  sensa- 
tions which  it  produces,  however,  are  by  no  means  uniform.  Some  pa- 
tients, through  the  irritation  of  the  laryngeal  nerves,  cough  spasniodi- 
cally,  and  even  violently,  under  the  excitation  even  of  a  comparatively 
mild  current  ;  with  others,  even  the  most  powerful  currents,  and  the 
firmest  ]iossible  pressure  of  the  sjionge,  fail  to  produce  any  such  effect 
In  nervouit  and  sensitive  patients  this  application  often  causes  a  pecul- 
iar and  decided  sensation  in  the  stomach,  through  [he  pncumojtastric 
nerve  ;  the  strong  and  vigorous  rarely  experience  any  such  sensation, 
even  nndtr  currents  of  great  power. 

Another  important  locality  in  the  electro- therapeutical  anatomy  of 
the  neck  is  in  the  posterior  triangle,  just  by  the  pOBterior  Ukrder  of  the 
sterno-dcido-mastoid  muscle.  If  the  fingers  of  the  o|>eiator,  with  a 
current  of  :onsiderable  strength,  or  the  six>nge  with  a  current  coniiara. 
tively  mild,  be  pressed  firmly  on  this  space  until  the  [losterior  border 
of  the  scalenus  anticus  is  reached,  the  patient  will  at  once  experience  a 
(ingiing  or  pricking  sensation  in  the  ann  and  hand  on  that  side^  caused 
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by  the  excitation  of  the  brachiel  plexus,  and  in  some  cases  a  thrill  i$ 
conniiiunicated  by  means  of  the  pneumogostric  to  the  stomadi,  aitil  b) 
the  phrenic  nerve  to  the  diaphragm. 

AppluatUnf  to  the  Upper  ExtremUies. — It  i»  not  alvrays  necesson 
IC  go  to  the  trouble  of  faradi^ing  the  extremities,  but  in  many  cases  it 
is  a  decided  advantage  to  do  so.  In  faradization  over  the  extremities, 
the  sponge,  or  ihe  hand  of  the  operator,  should  be  passed  tliorouglily 
over  the  surface  of  the  hands  and  anus,  and  with  sufficient  force  to  pro- 
duce agreeable  contractions  of  all  the  superficial  muscles.  Rxccpt  in 
infants  and  corpulent  females,  contractions  of  the  supcrticial  muscles 
of  the  arm  arc  obtained  with  a  mild  current. 

Applications  to  the  Sf'iite. — Stronger  currents  of  electricity  may  be 
borne  over  the  middle  of  the  spine  than  perhajw  over  any  other  portion 
of  the  body.  There  are  no  very  scn.sitivc  peripheral  nerves  in  tlie  back, 
and  the  sjiinal  cord  is  so  thorotiglily  protected  by  its  bony  covering  that 
■  the  carrents  are  never  felt  in  it  painfully,  except  when  it  is  greatly  ex* 
haustcd  or  organically  diseased.  'I*he  nerves  that  issue  from  the  spinal 
cord  are  more  or  less  affected  by  powerful  applications  to  the  back,  and 
through  Ihem  the  various  parts  and  organs  which  Ihey  supply  are  con- 
siderably influenced. 

The  best  method  of  clcctrij-ing  the  back  is  to  jjass  the  sponge  down 
its  entire  length  beneath  the  underclothing,  in  case  it  is  not  removed, 
from  the  first  cervical  vertebra  to  the  catuia  equina^  carefully  avoiding 
the  prominences  of  the  scapula  and  the  ossa  innominata.  Below  the 
fBiferior  angle  nf  the  scapula  the  sponge  may  be  moved  from  side  to  side 
over  the  region  of  the  kidneys,  liver,  and  spleen. 

If  a  strong  current  be  applied  over  the  lower  portion  of  the  si}inc, 

-between  the  uppLT  borders  of  the  ossa  innominata,  a  slight  scnsatirm  is 

louietimes,  though  by  no  means  uniformly,  communicated  to  the  rectum 

lad   the  mate  genital  apparatus,  the  penis  and  the  testicles,  through 

fteir  spinal  nerve  supply. 

In  \new  of  these  considerations  it  is  manifest  that  in  the  emphyment 
'/  general  faradisation  particular  attention  should  be  giren  to  the  spint, 
even  at  the  expense  fif  nc^  cctin^^  other  portions  of  the  body. 

That  the  lungs  and  heart  arc  less  influenced  by  electrization  Uian  other 
important  organs,  is  chiedy  accounted  for  by  the  anatomical  structure  of 
the  chest.  The  ribs,  with  the  intercostal  muscles  and  ligaments,  form 
an  unyielding  wait.  Furthermore,  the  pleura  and  pericardium  are  not 
closely  adherent  to  the  inner  wall  of  the  chest,  but  lie  loosely  over  the 
lungs  and  heart.  These  organs,  therefore,  are  best  affected  electrically 
by  applicalicRS  above  the  sternum,  around  the  neck,  and  over  the  uppei 
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half  of  the  spine,  whence  the  nerve-supply  of  the  viscera  proceeds,  and 

by  direct  cleclrizalion  of  ihe  vagus  in  the  neck. 

Applications  over  the  clicst  are,  however,  of  positive  and  permaneni 
service,  by  developing  the  thoracic  and  intefcoatal  muscles,  and  for  (his 
reason,  if  for  no  other,  Ihcy  should  not  be  neglected.  Hut  it  should  not 
he  forgotten  that  the  surfaces  of  the  ribs,  like  the  surfaces  of  all  other 
bones,  are  sensitive  to  elecLtization,  and  that  iherefare  the  chest  will 
not  bear  as  severe  applications  as  the  spine,  neck,  or  abdominal  re- 
gions. This  sensitiveness  is,  of  course,  more  in  the  thin  and  ncn-ons 
than  in  the  corpulent  and  phlegmatic.  It  is  usually  most  marked  on 
the  inferior  ribs  on  the  right  and  left  side  0/  the  bodj,  over  the  liver 
and  spleen.  The  peculiar  sensitiveness  of  the  ribs  at  these  points  if 
sometimes  erroneously  supposed  to  indicate  disease  of  the  organs  be- 
neath them. 

>Vc  have  stated  above  that  the  anatomical  structure  of  the  chest  ren- 
dered it  dithcult  la  send  the  electric  current  through  its  anterior  walls 
to  the  lungs  and  heart.  In  the  abdominal  regions  tlic  anatomical 
jitructurc  is  directly  reversed,  and  instead  of  an  unyielding  »-aU,  partly 
comiwsed  of  bones  and  ligaments,  we  have  a  ll.iccid  skin  lying  loosely 
igainst  the  pcritonxLim  that  cavers  the  moist  viscera  beneath.  No 
other  organs  of  the  body  contain  so  large  a  i>erceniage  of  water  as  tho^w 
which  are  siitiated  in  the  cavity  of  the  abdomen.  It  is  obvious,  there- 
fore, that  when  the  resistance  of  the  epidermis  is  overcome  by  the  niois- 
ttirc  of  the  sponge  or  hand,  and  the  pentonffitim  and  viscera  are  brought 
into  coaptation,  the  current  nitut  directly  traverse  all  the  parts  desired 
to  be  affectc-d. 

To  reach  the  stomach  and  solar  plexus,  place  the  sponge  or  palm  of 
the  hand  below  and  under  the  sternum,  and  as  far  back  .as  fiossiblc. 
This  pressure  brings  (he  peritonasum  and  stontach  into  coaptation,  and 
forces  the  current  to  [lass  through  them.  \i  ihe  under-clolhing  be 
simply  slipped  up  without  being  entirely  removed,  the  stomach  and  ab- 
domen can  be  readily  treated. 

The  bowels  may  be  trea'ed  either  with  the  labile  or  the  stable  cir- 
rcnt,  ami,  in  cases  of  obsdnate  constipation,  by  sudden  interruptions  or 
shocks. 

('oipulcnt  and  pursy  patients  usually  bear  much  stronger  currents 
over  the  abdomen  than  the  thin  and  emaciated.  AdijKisc  tissue  is 
coiiii>aratively  a  |>oor  conductor  of  electricity,  and  it  is  difficult  to  affect 
the  Dowels  of  the  very  corpulent  through  the  abdominal  walls  by  elcc- 
iri/ation,  unless  wc  employ  firm  pressure  and  currents  of  considerable 
strength,     ttut   in   the   vast   majority  of  cases  currents  of  moderate 
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ttnaglb,  apfihed  Hgb^  onr  the  snrfwe  of  tbe  tbdoenn,  «31  rcaditj 
pntdBoeconixxctiocisgrtfae  abdoouDil  nnades.  »x.6,  if  ;ir«snu«  be  e« 
[4o]rcd,  the  inttstiBct  sad  aO  the  oiguks  of  tbe  ahtVunirul  cavitr  uv  di> 
rectlv  tnvmed  bj  the  cmreBl. 


Fic.  qd. 
General  FarodUaiioD — Application  to  the  stomach. 

Appheati0HS  to  the  J^ftnaU  Getntiih. — Dirrct  apiJicalions  lo  the 
vngina  or  uterus  are  rarely  called  for  in  general  faradization. 

Apflicaiiens  lo  the  fjnver  Extremities. — Unless  there  is  wfoakncss 
or  paraiysis  of  the  lower  limbs  wc  do  not  always  apply  the  current 
directly  to  them,  because,  when  the  copper  plate  ii  at  the  feel,  the 
muscles  below  the  knee  are  more  or  less  exercised  during  the  whole 
treatment. 

Before  proceeding  lo  make  the  applications  to  the  lower  extremities, 
the  patient  should  be  required  lo  stand  up,  still  keeping  the  feel  on  ih« 
coi>per  plate.  Male  patitints  wlio,  during  the  earliL-r  stages  of  the 
operation,  have  entirely  removed  their  clothing  from  the  trunk,  should 


Ficg?. 
GcnenJ  Faradiniion. — Appilcailon  to  ihe  Lower  Exifeniiticv 

The  operator,  silting  by  the  side  o(  the  i>atient,  on  m.  low  stool  or 
ottoman,  sliotild  then  pass  the  sixmge  or  the  Itand  Ujjhtly  down  ihc 
entire  surface  of  both  limbs,  from  llie  thighs  to  tlie  feet,  avoiding,  m 
far  as  possible,  the  prominences  of  the  bones  at  the  hip,  knee,  and 
ankles. 

The  outer  portion  ol  the  thigh,  like  the  back,  is  very  little  sensitive 
la  the  rieclrii:  cum'nt,  because  its  surface  is  not  stipplicU  by  very  sen- 


SPECIAL  RULES  TO  BE  OBSERVED. 


36s 


sjtivt:  nerves.    7*he  inner  &idc  of  the  thigh,  oa  the  contrmry,  U  supplted 
by  branches  from  the  sensitive  anterior  crural  nerve,  and  in  nervous 

.persons  especially  is  very  susceptible  to  electrization.  In  passing  the 
!  sponge  or  the  Ixaml  down  the  lower  limbs  great  pains  should  be  taken 
to  carcrully  graduate  the  current  according  to  tlie  sensitiveness  of  each 
locality.  This  precaution  is  more  necessary  in  treating  the  lower  limbs 
than  the  upper,  because  the  contrasts  in  the  normal  sensitiveness  of  the 
different  parts  of  the  lower  limbs  are  much  greater  than  in  the  arms, 
and  because  any  severe  bhocks  suddenly  felt  in  tlie  legs  sometimes  tJuoiit 
(patients  off  their  feet. 

In  eases  nat  complicated  with  paralysis,  contractmis  of  the  superficiai 
muscles  of  the  lower  limbs,  as  of  the  upper  limbs,  can  be  produced  by 
comparatively  feeble  and  painless  currents. 

Spectai  Rules  to  be  Observed  m  the  Employment  of  General  Fara- 
fixation. — In  the  emplnymcnt  of  general  faradization  there  are  certain 
Bpedal  suggestions,  on  tlie  observance  oTwhidi  tlie  results  of  the  appli- 
cations will  very  materially  depend. 

I.  The  Strength  of  Vie  Current  and  Length  of  the  Application. — It 
u  better  thai  the  first  tentative  applications  should  always  be  made  with 
a  gentle  current,  and,  if  the  patient  be  particuhirly  sensitive,  it  is  an  ad- 
vantage to  use  the  Iiaiul  uf  the  operator  instead  of  an  artificial  electrode. 
After  the  patient  has  become  somewhat  accustomed  to  the  treatment, 
the  general  rule  should  be  to  make  the  applications  pleasantly  painful. 

Patients  who  have  long  been  accustomed  to  the  treatment — who  have 
become,  in  a  certain  sense,  insensible  to  the  strength  of  current  ordi- 
narily used — may  frequently  be  benefited  by  very  powerful  currents. 

Usually,  but  not  invariably,  we  may  be  guided  by  the  sensations  of 
the  patient ;  but  exceptions  to  this  rule  are  soiueiimcs  very  striking, 
and  should  put  ns  on  our  guard.  Soir.e  who  feel  no  pain  during  the 
applications  may  oa  the  day  following  experience  the  most  disagreeable 
reactive  effects.     (See  p.  24S.) 

1.  Thoroughness  of  the  Applications. — General  faradization  does  not 
require  that  all  portions  of  the  surface  of  the  body  should  be  touched 
by  the  electrode  at  every  sitting.  In  nervous  and  susceptible  patients 
we  can  approach  the  full  nieasure  of  tlie  treatuient  only  by  slow  degrees. 
It  is  ortcnlinics  sufficient  to  make  the  first  application  only  around  the 
neck,  shoulders,  and  on  the  upper  portion  of  the  spine. 

//  1;  net  always  necessary  to  make  the  applications  to  all  portions  of 
the  surface  of  the  body,  even  in  a  prolonged  course  of  treatment.  77ie  gen- 
eral tonic  effei.ts  of  this  system  of  treatment  can  undoubtedly  be  achieved 
without  touching  either  th:  upper  or  lower  extremities.    But,  on  the 


pOier  ftand,  it  is  just  as  undoubtedly  true  thtU  the  muscular  dtl'tlofmeni 
that  results  /rom  hng-cotitinucd  electrization  of  the  arms  and  legs  rta^tt 
farorably  on  the  iokale  system  and  materially  aids  the  treatment. 

Tlie  nuck  and  spine  should  be  treated  in  all  cases,  excc{>t  dunog  the 
Itr;^  and  tentative  applications,  or  in  patients  of  very  unusual  suscepti- 
bility. During  menstruation  it  is  usually  better  to  avoid  the  abdomen 
aud  lotoer  part  oj  the  spint^  or  to  suspend  the  Irtatmeut  altcgether, 
except  III  those  cases  where  it  is  desired  to  increase  the  memtrual Jiotv. 

Length  0/  the  Applications. — The  duration  of  the  sittings  may  range 
betufeen  five  ami  twenty-Jive  minutes,  L>ciiig  modified  by  the  aatute  of 
the  cotii^tilution.  the  strength  of  the  current  eniploye<l,  (be  stage  of  ibe 
Ircatineni,  and  the  results  of  the  i^rcvious  a[)|)lications. 

The  smallest  fraction  of  this  time  should  be  devoted  to  the  head,  the 
lartjest  to  the  spine  ;  next  to  the  spine  the  abdomen  should  receive  llie 
largest  sh.irc  of  a'.tcntion. 

I.  An  average  application  of  say  15  minutes  may  be  thus  appor- 
tinned : 

To  the  bcail 1  minute. 

"      neck,  BjrrajAtltetk  imd  CLrnal  spine 4  lutauleSk 

"     hack .- 3       •• 

"      abclotnen 3        •' 

"       upper  AQtl  lower  cxlretniiies. 4        " 


As  compared  with  the  time  required  in  localized  faradization  and  cen- 
tral galvanization,  general  faradixatioo  has  not  the  great  disadvantage 
that  has  been  supposed.  Nearly  atl  the  ordiii.-iry  pcriphcril  applic.ilions 
of  electricity  for  paralysiji  require  as  much  time  as  general  faradisation. 

Frequency  of  the  Applications. — ^I'he  applications  of  general  faroiU- 
ution  may  be  rci>cated  daily,  every  other  day,  once  or  twice  a  week,  01 
by  siill  longer  intervals.  Every  other  day  is  about  as  often  as  is  neces- 
sary to  secure  the  full  tonic  results  of  the  treatment ;  but  patients  who 
ar-  so  situated  that  tliey  can  take  the  treatment  but  a  short  time  may 
receive  an  a[)iilication  daily,  provided  they  are  not  in  a  condition  of  un- 
usual debility,  or  are  not  more  than  ordinarily  susceptible  to  the  current 
Kor  liie  very  nervous  and  susceptible,  and  especially  for  those  who  com- 
plain of  the  secondary  or  reactive  effects,  it  is  often  necessary  to  give 
intervals  of  several  days,  at  least  until  the  permanent  Ionic  effects  begin 
CO  he  develojKd  (see  p.  220). 

Persistente  in  the  Treatment, — For  the  luajority  of  cases,  the  treat- 
ment by  general  faradization,  in  order  to  secure  its  full  results,  must  be 
persistent.     Tlie  reasons  u)iy  this  perseveiaixe  is  demanded  are  quite 
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obvious.  In  thc/'r j/ pUcc,  must  of  the  diseases  and  morUd  conditions 
for  which  general  faradization  is  indicated  are  exceedingly  chronic  ic 
their  ch:iractcr.  It  is  necessary  ever  to  keep  in  mind  the  emphatic 
words  of  ihc  great  Trousseau,  "  Clirunic  diseases  demand  chronic  treat- 
ment," whatever  may  be  the  method  employed. 

St£cnJI}\  Tonic  remedies  of  all  kinds  external  and  intcrual,  are  al* 
ways  more  i^i  less  slow  in  llicir  action. 

While  ^reat  and  beneficial  effects  .ire  often  derived  from  two  or  tliree 
applications,  a  complete  or  approximate  cure  of  long-slanding  morbid 
conditions,  such  as  dyspepsia,  hypochondriasis,  nervous  exiiaustion, 
hysteria,  para1ysi!>,  can  only  he  adiicvcd  by  persistent  treatment,  vary- 
ing the  strength  of  the  current  and  frequency  of  the  applications  ac- 
cording to  (he  progress  which  is  made. 

The  length  of  lime  over  which  the  treatment  should  be  extended  may 
range  from  one  week  to  several  months,  with  longer  or  shorter  intervals, 
according  to  circumstances. 

Comparing  the  history  of  all  our  case&,  we  find  thai  tile  average  num- 
ber uf  applications  administered  to  each  successfiLl  case  is  abuut  13-35, 
and  the  length  of  time  over  which  the  treatment  was  extended  4-S 
weeks. 

The  Use  of  the  moiitentti  Hand  as  an  EUctrode  to  the  Head  and  Sen- 
titire  Parti. — The  advanLigcs  whicli  the  moistened  band  sometimes 
IKissesscs  over  the  sponge  in  general  faratlization  arc  the  following : 

I.  In  certain  cases  it  is  more  agreeable  to  the  patietii.  It  is  but  a 
tmism  10  assert  lliat  no  form  of  electrode  that  human  skill  sliall  ever 
devise  can  ever  cum]>arc  with  the  hand  in  (IcxibiHty  and  power  of  adap- 
tation. Its  sha|)e,  its  llexibility,  the  mmiber  and  arrangement  of  the 
fingers,  and  ihe  vast  and  delicate  coniblnadons  of  movement  of  which 
they  are  so  reailily  iiapal>lc — all  lliese  familiar  and  wonderful  character- 
istics of  il)c  hand,  united  to  the  peculiar  softness  of  the  skin,  and  the 
lightness  with  which  it  can  touch,  or  press,  or  handle,  render  it  superior 
for  the  nicer  processes  of  general  faradization  to  any  artilicial  arrange- 
ments of  which  the  genius  of  nun  could  conceive. 

For  applications  to  the  head  and  sides  uf  the  neck,  the  brachial  plex- 
us, .-ind  pit  of  the  stomach,  the  use  of  the  hand  electrode  is  a  very 
great  convenience  ;  and  we  sometimes  meet  with  patients  who  are  so 
sensitive  and  so  fearful  that  they  will  not  endure  even  the  softest  s|>onge 
on  any  portion  of  the  body,  or  at  any  stage  of  the  treatment  To  ap- 
ply a  mild  faradic  current  to  the  forehead  and  crown  of  the  head,  with 
the  softest  sponge  and  largest  possible  surface,  is  at  best  an  unpleasant 
process  fot  a  strong  man  in  perfect  health,  and  for  the  delicate  invalid 
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u  o(len  unendurable ;  but  when  the  hand  of  ±e  operator  is  niad«  an 
electrode,  the  operation  of  faradizing  ihe  most  sensiiive  portions  of  the 
head  may  be  made  not  only  tolerable,  but  positively  agreeable.  Except 
ill  cases  of  severe  local  disease  or  uniisual  debility,  the  si>onge  can  be 
borne  down  the  spine,  over  the  abdomen  and  extremities,  and  down  the 
lower  extremities  wilhoiit  great  difficulty. 

2.  It  kffps  the  offralar  coutinuaUy  informed  of  the  strength  of  t/u 
eurreNt,  ami  thus  etiabUs  him  to  carefully  graduate  it,  aecording  to  the 
scNiifirenesi  of  each  locality. 

As  the  current  passes  through  his  own  person,  the  operator  cm  judge 
by  his  own  sensations  whether  it  is  too  strung  or  loo  weak,  and  by  in- 
creasing or  diminishing  the  grasp  of  his  other  hand  on  the  sponge,  can 
modify  the  strength  of  tJie  applicatiun  without  disturbing  his  apparatus. 
nie  wet  sponge  od  which  he  presses  witli  the  other  hand,  acts,  as  we 
have  seen,  like  a  hydro-rheostat. 

llie  use  of  the  hand  as  an  electrode  enables  tlie  operator  to  instantly 
modify  llie  api^licalions  in  any  of  (lie  variuus  degrees  of  weakness  and 
strength,  and  also  to  suspend  Ihe  passage  of  the  current  instantaneously 
unihoui  shock  or  violence,  ^^'hen  the  sponge  is  used  tvc  must  continually 
question  the  patient,  or  wnich  his  expr<.-ssion  and  movements,  in  order  to 
judge  whether  the  current  is  of  proper  slrengtlu 

That  most,  if  not  all,  of  the  tonic  elTects  of  general  faradization  can 
be  obtained  in  perhaps  the  majority  of  patients  by  the  use  of  the 
sponge,  there  con,  we  think,  be  no  question  ;  but  the  use  of  the  hand 
of  the  operator,  according  to  the  principles  rbove  indicated,  enables  us 
to  achieve  these  results,  and  with  less  discomfon  to  the  patient,  in  those 
Ijccutiarly  sensitive  cases  where  the  artiticial  electrode  could  not  be 
borne  at  all.  Very  many  of  our  patients  wc  treat  only  with  artificial 
electrodes. 

To  sum  up,  in  a  word,  it  is  a  convenience  and  oftenfimes  a  positive 
assiitance  for  ihe  operator  to  be  able  and  willing  to  use  his  hand  in  ap- 
filicatifins  to  -sensilive  p<iris  and  nerx>ous patients,  but  for  the  •nafority  of 
cases  it  is  su_fficient  to  use  a  lar^e  soft  sponge. 

Effects  of  the  Current  on  the  Operator. — The  t|iicstion  now  arises. 
Uliat  effect  must  the  operator  experience  frotn  the  repeated  passage  of 
the  electric  ciirtents  through  his  own  |>erson  ? 

It  should  be  understood,  at  the  outset,  that  the  current  does  not 
directly  atfect  the  whole  person  of  tlie  operator,  nor  indeed  any  of  the 
prominent  organs,  and  that  only  the  faradic  current  is  used  in  this  way. 
1  he  current  passes  from  hand  to  hand,  through  the  arms  and  shoulders, 
nnd  does  not  reach  or  directly  influence  the  brain  or  any  of  the  orgnns 
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of  the  chcit  or  of  the  aUlonien.  The  effects  of  thus  using  the  ciurcni 
on  the  niilriiion  of  the  muscles  of  the  ami  have  already  been  consider- 
ed (see  El ccuo- Physiology,  p.  194), 

T^iose  physicians  wlio^c  leinpcraiucnts  do  not  tolerate  electricity, 
vould  do  well  to  avoid  passing  the  current  through  their  own  per 
tons  in  ihts  way.  Those,  however,  and  they  constitute  the  nia* 
jority,  who  arc  more  or  less  benefited  by  the  use  of  electricity,  in  [his 
way,  need  never  ftiar  any  evil  effects.  If  they  treat  a  very  large  num- 
ber of  patients  a  day  by  general  faradization,  using  the  hand  as  an  elec- 
trode a  conwdcrable  portion  of  die  tunc,  and  witli  strong  currents,  Uiey 
will  be  much  more  wearied  at  night  than  if  th;y  wactl  the  sponge  chiefly 
or  exclusively.  This  tueihod  of  general  faradization  has  been  and  is 
now  used  by  hundreds  uf  phyMcians,  and  we  have  never  heard  of  any 
serious  effects  in  any  instance.  The  few  whose  icnipcranienls  contra- 
inilicatc  electiicity  soon  abandon  the  use  of  the  hand  as  an  electrode, 
since  they  find  that  it  is  a.  ]uxur>-  and  not  a  necessity.  The  majority  ex- 
perience cither  negative  or  beneficial  cflecis,  and  arrive  at  that  state 
where  it  is  a  matter  of  indifference  whether  they  u&e  llie  hand  or 
sponge. 

Special  Effects  0/  General  Faradizttt'wn. — The  general  effects  of 
electricity  on  the  sj'stem  have  already  been  considered  (p.  263).  We  have 
here  to  speak  only  of  those  that  are  peculiar  to  or  most  marked  under 
generar  faradization. 

The  effects  of  general  faradization  may  be  subdivided  into  ikre< 
classes: 

t.  Hiose  which  are  experienced  during  or  iunnediaiely  after  treat- 
ment.— Primary  or  stimulating  effeets. 

2.  Those  which  arc  cx]>ericnccd  one  or  two  days  subsequent  to  the 
treatment. — Secondary  or  reactive  effects. 

3.  Those  wliich  remain  in  the  system  as  a  permanent  result  of  treat 
ment — Permanent  or  ionic  effects. 

Many  ]>aticnts,  perhaps  the  majority,  experience  after  cacli  seanct  a 
feeling  of  enlivenmeni  and  exhitaralion  that  often  lasts  for  several 
hours.  With  some  this  feeling  of  exliilaralion  is  very  positive  and  de- 
cided; with  others  it  is  but  just  perceptible.  Others,  again,  experi- 
ence a  dii^position  to  sleep  after  treatment,  quite  similar  to  thatwhidi  is 
felt  after  a  bath  in  the  surf. 

Relief  of  pain  and  local  or  general  weariness  is  A  very  frequen'  as 
well  as  very  agreeable  temporary  effect  of  general  faradization,  and 
one  which,  more  perhaps  tlian  any  other,  lends  to  inspire  the  doub^ 
ing   patient  with  confidence  in  the  efficacy  of  this  method  of  treat 


370 


GENERAL  FARADIZATION. 


inent.  Patients  who  stifTer  from  indelinable  nervous  pains  ii.  the  heaJ, 
Dock,  side,  And  stomach,  or  from  weakness  in  the  hmbs.  frequently  Ap- 
preciate relief  even  in  the  midst  of  the  application.  This  relief  usually 
lasts  for  several  hours,  and  in  some  cases  may  btcoine  pennanenL 

All  iJie  disagreeable  symptoms  that  sometimes  arise  from  an  ap- 
plication, as  headache,  malaise,  chilJiness,  vertigo,  faitiiness,  and  coia 
perspiration  (see  pp.  244-347),  like  similar  effects  from  injudicious  use 
of  other  tonics,  physical  exeiciGe,  the  &liower-bath,  etc.,  are  not  usually 
of  any  permanency  whatever.  Indeed,  they  are  entirely  consistent  with 
permanently  good  results;  but  Ihcy  are  apt  to  annoy  and  alarm  tlie 
patient,  and  for  thni  reason,  if  for  no  other,  they  should  be  avoided. 

E^ett   on  Temperature. — The  temperature   may   be    inunediately 
iiitluLMiccd  by  general  furadizaliuti. 

Its  cflfcct  on  the  circulation  seems  to  be  that  of  an  e<^uaUter.  Pa 
tients  alHictcd  with  nervous  diseases  are  apt  to  suffer  from  cold  feet  and 
tiands,  and  from  crcc|)ing  chills  over  the  body.  The  equalizing,  wann- 
ing effect  of  general  faradization  on  sudi  patients  is  mo:it  decided  and 
agreeable,  and  is  so  positively  realized,  even  in  the  midst  of  tiie  sianet, 
that  neither  the  bare  feet  nor  the  exposed  trunk  sulTer  from  the  cold, 
provided  the  air  of  the  operating  roona  is  of  even  a  moderate  tempera- 
ture. 

Effect  on  Pulse. — Tlie  elfects  of  general  faradization  on  the  puUe  are 
quite  interesting  and  suggestive. 

Id  a  large  number  of  cases  we  have  carefully  counted  the  pulse,  and 
also  observed  its  qtialiiy  jnst  before  and  just  afler  the  treainicnt.  llic 
results  of  some  of  these  observations  arc  presented  below  : — 
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On  arcount  of  the  recognized  susceptibility  of  the  pulse,  especiall) 
of  nervons  invalids,  to  the  iniluence  of  mental  impression,  we  have 
found  it  necessary,  in  order  to  avoid  error,  to  make  repeated  exaraina 
tions  before  and  after  tlie  sitting. 
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Toe  Conclttsioa,  frooi  oomtrls^ge  ouMMf  (m  otisuvatMDS  Bi^gpn 
to  Ac  JnAomcr  ef  geoenX  bn^MxdoB  on  tbe  p«be  to  chmic  dfaciae% 
Ik  dMC  of  a.  corrccOrcL 

Wben  tbe  poise  b  k^  h  dcfvesses  k  oiore  or  less,  and  nsuaUx  in 
profwirioo  Cu  tbe  tk^ree  of  tbe  exaltzlkm  abore  the  nonml  staodonL 
Wbea  k  is  low  it  raises  it  more  or  less^  and  osnallj  in  profiortkm  to  the 
6efftK  of  tbe  depressioo  bclov  tbe  Docntal  standard  In  oerro«t  and 
datable  padenis,  tbe  effect  v(  general  &ndizaikio  oq  tbe  pulse  is  mocb 
man  matted  than  in  the  cold  and  phl^matic.  An  application  tbat  b 
nncfa  too  strong  cnar  greatly  excite  the  iialse. 

J^fcYM/  tra/  £xcefii*mal  Effects, — ^The  imnteJiate  eflect  00  tbe  ap> 
petite  ta,  in  rare  instances,  so  marked  that  the  [Kilieat  at  once  feeb 
(kare  for  food,  and  at  Ifae  next  meal  eats  a  much  larger  quontitjr  and 
whh  Ckr  keener  relish  than  usual. 

Sensitive  patienrs  arc  now  and  then  compelled  to  evacuate  their 
bladder  or  tectum  immediately  after  or  even  in  the  midst  of  the  appli- 
cation, and  the  urinary-  secretion  is  occasionally  increased.  Hut  all 
these  effects  of  general  faradizalioa  on  the  fuuctions  of  si>eci<Ll  organs 
are  incidental  and  occasional,  and  are  not  to  be  expected  irith  any 
imifomiity  or  constancy. 

SeeoKtiary  or  Readii't  Effetts. — The  seconjary  or  rtactht  effects  of 
general  faradization  are  (hose  which  are  exi>ericnced  ftfr  «  dmy  tr  tW4 
Jdhtoittg  an  appluaiion.  These  effects  are  probably  not  observcil  in 
uoce  Uian  half  of  the  cases,  and  usually  only  at  (he  outset  of  the  treat- 
ment. Most  of  these  secondary  or  rcac(ive  effects  have  already  been 
consideretl  (see  p.  247). 

Sfffeaess  in  the  muscUs  of  the  neck,  trunk,  and  upper  extremities  is 
unquestionably  the  most  frequent  of  the  secondary  syn)pton)3  of  gen- 
eral faradisation,  and  (he  one  which  patients  are  soonest  to  observe  and 
describe.  It  is  the  result  of  the  muscular  contractions  that  are  i>ro- 
duced  by  the  electric  current.  They  usually  pass  off  in  two  or  three 
days,  aud  are  scarcely  observed  at  all  after  Uie  patient  has  once  be- 
come accustomed  to  the  treatment.  Wy  making  ttte  first  tentative  ap- 
plications gentle  and  short,  it  is  possible  to  avoid  entirely  this  subce- 
quent  muscular  soreness,  and  in  very  feeble  or  very  tiuiid  patients  we 
should  always  endeavor  to  do  so. 

Indefinable  ntrvcustiesi  is  another  occasional  secondary  effect,  and  one 
liiat  often  gives  rise  to  idle  and  unnecessary  alarm.  Like  the  sorenesi 
of  the  muscles,  it  usually  ])asscs  off  in  a  day  or  two,  atid  is  not  coinuionly 
ex|«;rienced  after  the  patient  has  become  accustomed  to  (lie  iteatnienL 

IVeatinest  and  exfmustion  tiuy  be  experienced  by  this  class  of  pa 
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ttcnts  foi  several  Jays  after  an  Injudicious  application.  It  is  a  vrr; 
imeresting  and  important  fact,  that  these  annoying  stcondary  s}-nipion)i 
of  weariness  nnd  exhatistioti  arc  ortciitinies  experienced  (o  tlieir  fullest 
extent  by  patients  on  whom  iJic  immediate  effects  for  a  few  liours  suc- 
ceeding the  application  are  only  agreeable.  On  account  of  this  fact, 
the  inexpcritciccd  vlcctro-tlicrapetitisl  nuy  be  unpleasantly  deceived, 
and  from  the  temporary  enUvenment  of  his  i>atieut  may  &up|K>&c  that 
his  application  ha£  been  thoroughly  succes^iful,  until  the  dtbtressing 
secondary  effects,  continuing  perhaps  for  several  days,  show  most 
clearly  that  it  \\x^  been  either  (uu  stiaii);  or  too  i>rotracted. 

Permanent  or  Tonu  Effects. — To  designate  any  precise  tiaie  or  stage 
of  tlie  trcaliiiL-nt  u-hcii  these  tonic  effects  are  to  be  looked  fur,  is 
luanifcslly  tniiK»sihle.  Like  the  tonic  etfects  of  other  analogous  in- 
ternal ur  external  remedies,  the  time  of  their  appearance  must  be 
variously  moditied  by  the  nature  of  the  disease,  tlic  constitution  of  the 
patient,  and  the  skill  and  perseverance  of  ilie  treaiinenL  'lltcy  may 
appear  eaily  in  the  treatment,  developing  themselves  with  great 
rapidity ;  or  they  may  remain  latent  until  after  the  applications  are 
abatidoned,  and  then  advance  with  sure  and  steady  progress.  Tbey 
may  be  so  rapidly  manifested  at  the  commencement  of  the  treatment 
as  to  cause  us  to  su:^pect  them  to  lie  inure  tlie  rciiult  of  mental  ini- 
p.-cssion  than  of  the  applications ;  and.  on  the  other  hand,  they  may 
develop  themselves  so  long  after  the  treatment  as  to  suggest  tlie  duubt 
whither  they  are  not  as  muci)  due  to  nature  and  time  as  to  the  direct 
eleLtric  intluence. 

Ai'iung  these  Ionic  effects  ofgencral  faradization,  those  which  chiefly 
attract  tbc  attention  and  arc  of  tlie  principal  importance  are  the  following : 

Improvement  in  (He  Sleep. — This  syuiplom  tzxiXYMs  Jirst  in  our  analysis 
of  the  permanent  effects  of  general  faradization,  because  it  is  one  of 
the  iirjl  to  be  apj>reciated  and  observed  by  the  patient.  As  insotnnui 
is  the  nmst  constant  and  universal  symptom  of  those  various  nervous 
conditions  for  which  general  faradization  is  iniSicated,  just  so  is  its  relief 
or  cure  the  first  and  leading  evidence  that  the  treatment  is  having  its 
desired  effect  As  already  mentioned,  inclination  to  sleep  is  one  uf  the 
immediate  s)n)ptoms  of  the  applications  and  may  come  on  even  in  the 
nlid^t  of  the  stance  ;  but  the  iniproveiiient  in  the  sleep  of  which  we 
here  speak,  as  a  /»/rww«c«/ effect,  is  appreciated  during  the  intervals  of 
ticatiiicnt,  and  long  after  it  has  been  suspended. 

Jiwrease  of  Appetite  and  Impnn-ement  in  Digestion. — Increase  ol 
api>etite  and  iuiprovemcut  in  the  digestion  is  not  so  early  nor  as  coo 
stant  a  symptom  as  imrrovement  in  the  sleep. 
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It  is  by  no  meansi  a.  constant  or  unironn  cfTcct,  even  in  those  cases 
where  it  would  seem  to  be  needed,  and  where,  tco,  in  all  other  respects, 
great  and  lasting  benefit  is  derived  from  the  ireatmeni.  Some  patients 
who  are  permanently  relieved  of  neuralgia,  of  insomnia,  and  of  muaculai 
ud  nervons  debility,  yet  observe  no  decided  improvement  in  their 
digestion.     Such  cases,  however,  are  quite  exceptional. 

Jifgulation  of  the  5«('ir/f.— Constipation  sometimes  yields  very  early 
in  the  ircAtraent.  The  temporary  effect  is  probably  due,  in  many 
instances  certainly,  to  the  direct  mechanical  action  cf  the  current  on 
the  intestines ;  but  permanent  relief,  either  of  constipation  or  of 
diarrhoea  of  the  nerx*ousv3nety,i$not  to  be  expected  until  the  indigestion 
and  general  debilily  on  which  they  depend  have  first  been  corrected. 

Jmprcvtmfnt  in  the  Cireufation. — Permanent  t-iualijtaiion  of  th« 
circulation  is  most  observed  in  cases  of  dyspepsia,  ncn'otis  ex- 
haustion, hysteria,  and  similar  conditions  with  which  defective  circuW 
tion  is  so  frequently  associated.  It  is  then  the  result  of  the  improve- 
ment in  the  assimilative  power  and  nutrition  of  the  system. 

JReiief  of  Nervousness  and  Afeittal  Depression. — The  indefinite, 
though  very  well  recognized  condition  which  we  term  nervonsness, 
•nd  the  indefinable  mental  agony  th.it  fomis  so  piomioent  and  so 
distressing  a  symptom  in  hysteria,  dyspepsia,  exhaustion,  and  other 
nervous  conditions,  sometimes  yield  to  general  faradization  quite  early 
in  the  treatment. 

Inereast  in  the  Size  and  fianintss  of  the  Muscles,  and  in  the  Weight 

«f  ike  Body. — This  is  a  natural  result  and  acccmpauimcnt  uf  the  im- 

provimicnt  in  nutrition,  and  that  it  follows  the  use  of  the  faradic  as  well 

^as  of  the  galvanic  current,  stifticicntly  deinoiislrates  that  power  over 

nutrition  is  not  confined  to  the  latter. 

Under  the  influence  of  protracted  treatment  by  general  faradization, 
the  muscles  arc  sometimes  developed  in  size  as  well  as  in  firmness  to 
a  degree  which  very  naturally  astonishes  those  who,  for  the  first  time, 
have  their  attention  directed  to  it.  Tiiis  increase  in  si/e  and  quality  of 
the  muscles  is,  of  course,  chiefly  observed  in  tho.se  portions  of  the 
surface  of  the  body  where,  under  the  influence  of  faradization,  con- 
tractions are  most  easily  produced.  Therefore  we  first  look  for  this 
[•effect  in  tl>e  anus,  the  legs,  and  afterwards  in  the  chesL  This  effect  is 
soonest  observed  in  jwiticnts  who  are  comparatively  thin,  or  at  least, 
whose  muscular  tissue  predominates  over  the  adipose.  On  the  other 
^hand,  and  for  obvious  reasons,  it  is  not  so  perceptible  in  females,  01 
*in  the  very  corpulent  of  cither  sex. 

Urulcr  gencraJ  faraiHzalion  aetttal  increase  tn  the  size  and  vri^ht  of 
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the  body  sometimes  takes  place  so  rapidly  and  perceptibly  to  the  eye 
that  it  need  not  be  confimietl  by  reference  to  the  scales.  In  othei 
cases  nhere  patients,  either  through  curiosity  or  accirlent,  have  care- 
(uUy  weighed  themselves  just  btfore  taking  a  course  of  treatment,  a 
most*  remarkable  increase  of  weight  has  often  been  observed  in  the 
cour!iC  even  of  a  few  weekis. 

The  increase  of  weight  is  simply  a  result  of  the  effect  of  the 
electric  currents  on  nutrition)  and  a  natural  sequence  of  the  improve' 
ment  in  the  sleep,  the  increase  of  appetite,  and  the  relief  of  pain  and 
mental  depression  of  which  we  Ixave  already  sjjokcn. 

Increased  Disficsiiion  and  Capacity  /or  Labor  of  the  Muscles  and  ej 
the  Brain. — \Vhatever  tends,  directly  or  indirectly,  to  improve  nutiition 
miist  of  necessity  increase  the  caimcity  for  intellectual  and  muscular 
toil  Accordingly  we  find  that  patients  who  were  so  feeble  that  even  a 
short  walk  or  ride  was  fatiguing,  and  who  were  signally  de6cienl  both 
in  the  will  and  the  capacity  for  exertion,  soon  begin  to  develop,  under 
treatment,  an  activity  and  vigor  that  is  sonielinies  surprising.  They 
can  walk  farther  and  more  vigorously,  and  with  greater  enjoyment. 
They  realize  a  consciousness  of  strength  to  which  before  they  were 
strangers,  and  feel  emboldened  to  exertion  (ronj  which  they  would  (br- 
nKrly  have  shrunk  wilh  apprehension. 

Concerning  these  pcmiancnt  tonic  effects  it  is  to  be  observed  : — 

1.  They  are  not  uniform.  They  %'ary  not  only  with  different  individ- 
aals  and  diseases,  but  also  wilti  the  same  individual  at  different  periods 
of  life. 

2.  They  are  more  rapidly  appreciated  by  the  active  and  the  nervous 
than  by  the  (Old  and phtegmatie.  Other  conditions  being  the  same,  a 
sensitive,  impressible  organization  will  recover  more  rapidly  under  gen- 
eral faradizatioD  than  one  of  an  opposite  temperament. 

3.  They  are  frequently  not  experienced  until  lang  after  the  treat- 
ment is  abandoned.  ITicse  after  effects  of  general  faradization  are 
worthy  of  the  highest  attention.  The  possibility  that  they  may  occur 
ts  a  constant  encouragement  in  the  treatment  of  all  slow  and  obstinate 
cases. 

4.  They  ar^  usually  as  lasting  and  permanent  as  similar  effects  from 
other  remedies  and  systems  of  treatment.  It  is  tnie  that  patients  who 
tiavc  been  apjiarenily  cured  by  general  faradization  are  subject  to  re- 
lapses, yet  to  no  greater  and  apparently  Co  a  less  extent  than  those  who 
have  derived  similar  relief  from  internal  medication.  Id  considering 
IhU  statement,  regard  should  be  had  to  the  fact  that  the  diseases  fot 
wrhich  general  faradization  is  chiefly  indicated,  at  least  those  in  which  i' 
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has  Oius  far  Ueen  mnst  successful,  are  just  the  diseases  which  are  mofft 
likely  to  relipsc  under  any  or  all  forms  of  treatment. 

RationaU  of  the  Ejects  of  dneral  Faradiiation. — It  lias  been  said 
of  general  faradizaiion  that  it  is  not  physiological ;  but  they  who  raise 
this  objection  do  not  well  consider  what  they  say.  Of  the  various  meChodfl 
of  electrization  none  can  be  better  explained  on  a  physiological  basis 
than  can  tliis.  General  faradization  is  to  the  whole  body  what  localized 
faradization  is  to  an  individual  part  or  organ.  All  tlie  physical,  me- 
chanical, chemical  and  physiological  eETects,  with  the  consequent  in* 
crease  of  the  processes  of  waste  and  repair  and  improvement  in  nutri- 
lion  that  electrization  is  capable  of  producing  in  the  living  tissues  {see 
Electro  Physiology,  p.  177)  and  whicl),  tn  exclusively  localized  applica- 
tions, are  mainly  confined  to  tlic  part  which  is  traversed  by  the  current, 
are  in  general  applications  appreciated  by  ever)'  part  of  the  system. 
Then,  again,  the  improvement  which  eacli  part  or  organ  receives  from 
the  treatment  reacts  upon  every  other  part  and  organ.  Every  effect 
becomes  in  its  turn  a  cauiK; ;  the  strengthened  brain  sends  more  nervous 
force  10  the  stomach,  by  which  the  latter  is  enabled  to  send  better  blood 
to  tlie  brain. 

Comparing  what  is  known  of  the  conducttbiljty  of  the  tissues  (see 
p.  168),  and  the  action  of  the  electric  currents  upon  Ihcm,  with  the  ob- 
served effects  of  general  faradization,  these  effects  may  be  regarded  as 
due  mainly — 

I.  To  the  faei  that  the  nutrition  of  the  entire  central  nervous  system 
is  dirtctty  influenced  by  the  current.  In  an  ordinary  application  the 
brain,  spinal  cord,  and  sympathetic  ganglia  are  all  subjected  lo  the  ac- 
tion of  ihc  current.  In  most  of  the  applications  of  central  localized 
electrization  only  a  part  of  the  ceniral  nervous  system  is  affected  at 
each  sitting.  Wc  are  warranted  in  believing  that  in  nearly  all  nervous 
diseases  the  central  nervous  system  is  more  or  less  disturbed,  even  when 
it  is  not  organically  diseased, 

3.  The  passive  exercise  that  results  from  the  vigorous  and  repeated 
inuseular  eontracHorts  produced  by  the  applications.  When  the  applica- 
tions arc  dioroughly  and  skilfully  made,  vigorous  yet  agreeable  con- 
tractions are  excited,  not  only  in  all  the  superficial  muscles,  but  in  the 
deeper  layers,  and  also  of  the  contractile  fibre-cells  of  the  stomach, 
the  intestines,  and  other  vital  organs.  The  augnicnlation  of  the  mani- 
fold processes  rf  waste  and  repair  which  a  single  sitting  causes  in  the 
muscles  and  abdominal  organs  would  alone  powerfully  influence  rntri- 
lion,  even  though  the  electric  current  exerted  no  direct  effect  on  the 
nervous  system. 
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That  the  tonin  effects  of  general  rnradteatton  arc  very  largely  due  tc 
the  passive  exercise  which  it  produces,  is  proved  clinically  by  the  fad 
that  when  a  current  too  feeble  to  cause  nitiscular  contractions  is  used, 
or  when  the  muscles  arc  neglected,  the  tonic  as  wdl  as  the  primary 
effects  of  the  treatment  aie  ituich  less  marked. 

3.  Refitx  action /rom  Hie  sensory  ntrvcT.  The  reflex  effect  of  the 
faradic  current  even  is  very  powerful,  and  in  general  faradization  nearly 
alt  the  superficial  sensory  nerves  are  acted  upon,  and  consequently  the 
whole  nervous  system  is  constantly  under  reflex  as  veil  as  direct  in- 
fluence of  the  current.* 

*  Brown-Sjqunn]  ind  Lomlinrd  (Archives  de  riiystol.,  Norembcr  veA  Deocmlicr, 
1 869)  have  ihown  Ittat  when  one  arm  is  pinclicd  ihe  IrmpcraiBre  of  ihat  arm  stighlljr 
riMs,  and  ihnt  of  the  opposite  nnn  falK  Or.  Jamn  J.  riitnam  (Dotton  Medical  and 
Siirgiul  Journal,  June  aj,  1S70}  hu  sbov.-n  by  a  kHcs  of  cxperimentt  on  frocs  that 
cleclrinttion  of  one  fool  caused  reflnc  conuaeiiont  of  the  blood -vessels  in  the  wtb  nf 
the  r.'>Jt  of  the  oi>pDMlc  lulc.  'llie&e  cxperimeDlt,  tiken  in  connection  with  the  fact 
lhat  •xulrition  Is  dovly  rcbic^I  to  circutalicn,  wtmld  rewler  it  clearly  probable  lliat 
reflex  action  if  an  imporluu  factor  of  ibe  re^^ultf  of  application  of  electricity,  and 
cspeelaUy  of  general  ruadizaiion,  wliere  (be  extfcitutin  are  directly  afliected  by  th« 
nrrut. 


CHAPTER    XI. 

nrFrrUKKTlAI.  INDICATTOXS   for  the  use  OT    I.0CALIZED    and  GBVEfUl 

FAKADIZATION. 


In  order  to  determine  the  difTcrential  indications  for  the  use  of 
localized  and  gcnenil  faradization  vrc  need  to  coDsidcr  these  foui 
facts: 

/^rW/,  That  general  faradization  direetly  alfects  the  whole  body,  while 
in  localized  faradi/atJun  tlie  direct  action  of  the  current  is  mainly  coii- 
fined  to  the  part  la  which  the  a|iplication  is  made- 

Secondly,  That  general  faradization  may,  by  sympathetic  or  refl*¥ 
action,  iW(>c/*//i' have  a  si>ectal  theraiieutic  iiilluence  on  some  spidai 
part  or  organ,  vrhtle  lucaliiccd  faradization  of  any  part,  but  especially 
of  the  sj-mi«»ihetic  or  ccrcbro  spinal  axis,  by  sympathetic  or  reflex 
action,  may  indirectly  have  a  gtneral  therapeutic  influence  on  ihe 
whole  body. 

Thirdly,  Faradization,  when  properly  performed,  very  rarely  injures, 
and  usually  more  or  less  beneflis,  even  those  parts  which  are  in  com- 
parative or  absolute  health.  This  consideration  has  an  important  prac* 
tical  bearing,  especially  in  the  use  of  general  faradization,  in  cases  of 
doubt  as  to  the  seat  of  the  disease.     (See  p.  234.) 

Fourthly,  In  nearly  all  cases  it  is  important,  and  in  many  it  is  intlis. 
jicnsablc,  that  the  applications  should  be  made  to  the  seat  of  the  dis- 
ease as  well  as  to  the  locality  of  the  symptom.  Scientific  electro-thera- 
peutics, therefore,  requires  the  most  accurate  preliminary  diagnosis; 
above  all,  it  is  important  to  rigidly  discriminate  between  diseases  which 
are  of  a  constitutional  nnd  those  which  are  of  a  local  origin. 

From  these  fundamental  considcra,tions  wc  logically  derive  the  gen- 
eral law  that  -onstitutional  diseases  are  better  treated  by  general,  and 
heal  diseases  by  healiied.  faraditaticn. 

More  specifically,  experience  demonstrates  that  of  the  large  variety  of 
diseases  for  which  applications  of  electricity  are  found  itsefiil,  localized 
faraitization  and  galvani'z.ition  are  specially  indicated  in  those  case* 
where  bolii  ihr  seat  and  the  cfTucls  of  the  disease  are  Tcs\ucVe<\  Vti  c.«x- 
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tain  porriouft  of  the  organism,  with  bul  slight  or  imperceptible  infiucnrr 
on  tlie  system  at  large.  Under  this  head  arc  included  ne£_>ly  all  peri- 
pheral and  rctlcx  paralyses  and  neuralgias,  effusions,  sprains,  and  loca^ 
injures,  and  also  many  of  the  diseases  of  the  eye,  ear,  laT)'nx,  and 
genital  and  digestive  organs. 

On  the  other  hand,  general  faradization  is  indicated— 

1.  In  those  diseases  tliat  are  dependent  on  or  associated  «-ith  im- 
pairment of  nutrition  and  general  debility  of  the  vital  functions,  such  as 
nervous  dyspepsia,  neurasthenia,  anxniia,  hysteria,  hypochondnasis, 
paralysis,  and  neuralgia  of  a  constitutional  origin,  rheuuiati&m  and 
other  toxic  diseases,  some  fonns  of  chorea^  and  oftentimes  in  func- 
tional disorders  of  the  genital,  digestive,  and  otlier  special  organs. 

3.  In  morbid  symptoiiis  dependent  on  some  local  cause  which  can- 
not be  satisfactoiily  diagnosticated.  It  must  be  confessed  tliat  a  large 
number  of  cases  of  chronic  diseases  are  frequently  de]>endent  on  or 
connecled  with  some  important  lesions,  of  which,  during  the  lifetime  of 
the  patient,  even  the  most  ap|»rovcd  methods  of  diagnosis  and  the  most 
practised  skill  utterly  fail  to  ascertain  cither  the  nature  or  the  locality. 
This  is  oftentimes  the  cose  with  epilepsy,  hysteria,  and  hypuction 
driasis  ;  sometimes,  also,  with  affections  of  special  organs,  as  the  eye, 
ear,  larynx,  and  uterus. 

Benedikt  emphatically  affirms  that  electricity  shoidd  be  applied  almost 
exclusively  in  loco  mt>r/*i,  in  the  place  of  the  disease,  and  in  cases  of 
doubt  rccoiniiicncls  tentative  applications  successively  in  all  the  suft 
pected  localities  until  the  diagnosis  is  made  out  by  the  success  of  the 
treatment.*  It  scarcely  need  be  said  that  this  purely  experimental 
s)-stem,  though  sometimes  successful,  must  be  and  is  annoj-ing.  uncer 
tain,  and  very  frequently  unsatisfactory. 

The  advantage  of  general  faradisation  in  such  cases  of  doubtful  patho 
togy  are  twofold  :  J^irst,  at  each  application  it  affects  all  |>arts  of  the 
body,  and  thus  is  sure  to  reach  the  seat  of  the  disease,  wherever  that 
may  be ;  and,  sec&tiiily)  it  at  the  same  time  improves  tlie  general  nutri- 
tion of  the  system,  which,  in  such  cases,  is  fretpicntly  more  or  less  im> 
paired.  This  iaiprovenient  in  nutrition,  as  has  been  stated,  oftentimer 
reacts  favorably  on  the  local  disease. 

Still  further,  it  must  be  confessed  that  very  many  of  the  diseases  ir 
which  general  faradi/.ation  is  proved  to  be  of  most  cRtcient  service, 
are  those  in  which  no  special  heus  morbi  can  be  found  even  on  p^it 
morUm  examination. 

•  Die  Eleciroiherspi«.     Wlen,  1868.  p.  79. 
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Fottirc  investigations  will  undoubtedly  do  much  tn  dispel  oiir  igno> 
nioce  on  these  point?,  and  will  probal)ly  assign  a  deuniie  local  cause 
to  some  of  t]ie  dtsea&es  which  are  now  vaguely  classed  as  constitn- 
lional.  But  c\'en  those  diseases  in  which  the  local  canse  is  definitely 
ascertained  tiuy  demand  constitutional  treatment  as  much  as  or  more 
(hun  those  In  which  no  local  cause  is  demonstrated.  Ulien  a  house  ii 
Kt  on  (ire  by  a  burning  fuse,  it  is  not  enough  to  snatch  away  the  fuse  ; 
we  must  extinguish  the  flames.  Ulien  the  nervous  system  has  been 
thrown  into  tetanus  by  a  wound  in  the  foot,  excision  or  healing  of  the 
wound  is  of  little  avail ;  remedies  must  be  directed  to  the  central  ner* 
vous  system.  Precisely  so  when  chronic  local  disease  has  enfeebled 
the  vital  functions  and  impaired  nutrition,  our  applications  are  to  be 
directed  to  the  general  system  as  well  as  to  the  seat  of  ihe  lesion. 

3.  In  certain  diseases  whicli,  though  themselves  incurable,  are  ac> 
companied  hy  Impairment  of  nutrition  that  is  susceptible  of  more  or  lesi 
relief.  PaUy  agitans,  many  canes  of  cerebral  ami  spinal  paralysis,  ad- 
\'anced  stages  of  locomotor  ataxia,  rheumatic  gout,  epilepsy,  and  cer- 
tain spastic  affections,  may  be  absolutely  incurable,  and  yet  the  ema- 
ciation, nervousness,  insonmia,  and  general  feebleness  with  which  these 
diseases  are  associated  as  causie  or  effect  or  concomitant,  may  be  sus- 
ceptible of  most  grateful  relief  from  general  faradization.  In  not  a  few 
cases  of  disease  of  tliese  varieties,  after  vre  have  failed  to  do  any  good 
by  galvanization  of  the  brain,  sympathetic  and  spinal  cord,  after  even 
central  galvanisation  has  failed,  general  faradization  alone,  given  with- 
out special  reference  to  the  seat  of  llie  pathological  lesion,  has  greatly 
relieved  the  5>'mptom3  and  been  of  invaluable  service  by  virtue  of  its 
tonic  effects,  alUiough,  of  course,  it  could  have  no  permanently  curative 
influence. 

llUislrattve  cases  of  e\'ery  grade  will  hereafter  be  presented  in  detail. 

Cause  of  Failures  in  EUftr0.Tfierapttiiies.~Th\:  conii>ari5on  we 
have  here  made  reveals  the  cause  of  some  of  the  failures  and 
discouragements  tliat  have  been  and  are  now  being  encountered 
by  many  expcnmcntcrs  in  the  department  of  clcctro-tlicrapcutics. 
ConsUtuiionat  diteasfs  have  beett  treated  locally.  MorLld  constitu- 
tional conditions,  such  as  hysteria,  an:emla,  rheumatism,  and  the 
tike,  which,  .is  all  physicians  agree,  demand  remedies  that  affect  tlie 
system,  are  treated  electrically  only  through  their  local  sym[!loms,  such 
as  peripheral  paralysis,  or  neuralgia,  or  inflammation  of  the  joints. 
Temporary  relief,  or  metastasis  of  these  local  symptoms  may  indeed 
result  from  exclusively  localized  applications  in  such  cases,  but  per* 
manent  coirection  of  the  morbid  condition  on  which  these  symptomi 
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depend  can  only  be  obtained  by  general  treatment.  In  subacute  riietv 
mattsm,  for  example,  galvanization  or  faradization  o(  an  Intlanted  joint 
frequenlly  removes  the  |>ain  and  effusion  in  that  joint,  and  therefore 
m.iy  advantageously  be  used  with  general  faradization,  just  as  the  ex* 
ternol  application  of  alkaline  solutions  may  advantageously  be  cont* 
bine<l  with  the  internal  administration  of  the  same  remedies;  but  to 
depend  on  merely  localized  electrization  in  such  cases  ia  manifestly  as 
unphilosophicai  as  it  would  be  to  depend  on  merely  local  applications 
of  alkalies.  !n  general  practice  it  will  unfortunately  be  found  thai 
physicians  will  frcipiently  use  localized  in  cases  for  which  general  treat- 
ment is  indispensable  for  complete  results,  for  the  reason  that  they 
have  neither  tlie  time  nor  the  practice  to  enable  tliem  to  use  the  latter 
method  with  success  ;  just  as  the  majority  of  general  practitioners,  for 
want  of  a  galvanic  apparatus,  are  obliged  to  use  faiadiiation  in  cases 
for  which  galvanization  is  imperatively  demanded. 

Combina/icn  of  tht  Methods. — Many  cases  are  most  successfully  treated 
by  acoinliination  or  alternation  of  the  two  mcthoils.  Thus  rheumatism, 
for  example,  may  be  treated  one  week  or  one  day  by  general  (aradita- 
tion,  and  the  following  day  or  week  by  local  faradization  or  galvaniza- 
tion of  the  affected  joints. 

This  comparison  furthermore  reveals  and  explains  the  suggestive 
fact  that  the  sjihcre  of  electro-therapeutics  has,  in  a  measure,  corre- 
sponded to  and  iwogreased  with  the  advance  in  the  method  of  applica- 
tion. Thus,  when  perijiheral  applications  were  chletly  used,  the  scope 
of  electro  therapeutics,  though  important,  was  narrow,  neuralgia  and 
paralysis  being  the  diseases  for  which  it  was  mainly  em|iioycd-  On 
the  introduction  of  localized  galvanization  of  the  nerve-centres,  eleciri- 
city  was  found  to  be  most  useful  for  many  conditions  In  which  pre- 
viously it  had  been  supposed  to  be  either  valueless  or  contraindicaicd. 
niie  sphere  of  electro  therapeutics  is  by  general  faradizatioa  and  cen- 
tral galvanl):atic«n  still  further  extended  to  embrncc  a  large  variety  of 
conditions  and  indications  which  localized  a|>plicarion3  ful61  cither  not 
It  all.  or  but  very  Imp-'fectly. 
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CENTRAL  GALVANIZATION. 


The  objtit  i/t  eentral  galvamvttion  is  to  bring  tht  whdU  (fittal  ner 
WHS  system — the  brain,  sympai/utie  an  J  spimil  cord — as  well  at  the  pneu- 
mogitstrie  and  depressor  nerj'es,  um/er  the  infincnee  of  the  ^alratiie  eur- 
rent.  One  poU  [asiia/ly  the  ne^a/iie)  is  flaeed  at  the  epigastrium,  n-hife 
the  ether  is  passed  over  the  forehead  and  top  of  the  head,  by  the  tuner 
borders  of  the  sterno-eieido'mastoid  museles,  from  the  mastoid  fossa  to  the 
itersum,  at  the  nape  of  the  $ieeh,  and  di*\'//  the  entire  length  of  the  spine. 

I'iic  follun'iiig  rc[)rirH;utaliuns  of  tlic  piincijial  steps  in  the  nicllioj 
of  central  galvanization  were  made  from  iihotographs  taken  Juring  th« 
applications. 


-  ^ 


Tic.  •)S. 
FRal  Calvanization,  firei  «.a^c.      Niilliamp^Tctreter  and  rhcoaut  fnter- 
cftbi«(t.    One  pole  on  ihc  cpicaMriuai.  the  olhvt  on  ihc  c^mtiit ititrr,-,  tin;  Umt 
m  that  pcrint  lieing  moistened,     i'cfnrc  making  the  application  at  this  point  the 
electrode  nuy  be  pused  over  the  f orebcad. 


J3 


Details  o/  the  Applitatiens. — We  do  not  always  make  the  applica- 
tions all  over  tbc  head,  but  merely  on  the  Torehead,  gently  passing  the 
electrode  rroni  one  side  to  the  other )  then  bajuize  the  patient  on  the 
eraniai  centre,  at  the  top  of  the  headj  and  rest  the  pole  there  for  about 
one  minute,  and  sometimes  longer.  To  the  head  wc  apply  from  five 
to  twenty  cells  or  three  to  lliirty  milliampires — for  patients  vary  in 
their  ausceptibility — beginning  with  a  weak  current  and  gradually 
increasing  until  a  sour  or  metallU  tasfe  is  perceived  in  the  mouth. 
The  eraniai  centre — the  summit  between  the  ears — we  regard  as  the 
most  im[»ortant  region  of  the  head  in  all  electrical  applications  and 
especially  in  central  galvanisation.  A  current  passing  frurn  that 
point  to  the  epigastrium,  traverser  the  centre  of  life— if  life  haj  any 
centre — and  affects  the  synipatlietic,  and  the  roots  of  the  facial 
nerves.  The  sensation  jiroduccd  by  this  application  is  different  from 
that  of  any  other  application  to  the  head^  and  is  sometimes  indefinable. 
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An  ap|)licadan  to  this  point  for  one  or  two  minutes  is  usviUjr  iboui 
•s  much  gatvanization  as  tlie  brain  needs.  Id  exceptional  cases, 
where  the  hair  is  thin,  or  the  head  U  bald,  we  make  tlie  applications  all 
ov-er  the  surface,  bnck  and  front.  In  applicaciuiis  tc  l)ie  hcatl,  cari* 
should  be  taken  to  avoid  sudd(?n  lntcrrui)tions,  or  shucks  thai  cause 
dizziness;  tlie  flashes  of  light  before  the  eyes  are  of  little  account,  but 
nothing  is  gained  by  producing  them,  and  they  are  annoying  to  th*? 
padcnt. 


'Qi 


Fig-  lea. 

Cektral  Gaj-vakizatiom,  third  itage.  One  pole  «me  pontion  u  before,  or  on  the 
brcutbone.  and  the  other  At  the  tack  of  Uw  neck  Itetwcen  ibe  first  uul  tevcntli 
cenical  reiiebfx. 

The  electrode  is  then  passed  down  the  inner  border  of  the  stemo- 
cteido^iastoid  muscle,  from  the  auriculo-maxillary  fossa  to  the  clavicle, 
for  the  puqtose  of  affecting  the  pneumogastric  and  sympathetic 
U'c  usually  make  the  application  on  both  sides,  and  from  one  tu  uve 
minutes. 

In  galvanizing  the  spine,  especial  attention  is  given  to  the  eilietfiftat 
centre,  below  the  first  and  seventh  cervical  vertebnp,  which  b  to  the 
•l>ine  what  the  cervical  centre  is  to  tlie  brain.    The  cervical  sympathciit 


The  back  inay  be  treated  rroiii  three  to  six  minutes,  and  the  w-liole 
length  of  the  jiance  of  central  galvanization  ranges  from  five  to  fifteen 
minutes. 

Prrparalion  of  the  Patimi.—K\\  llie  preparation  a  male  i>atient  re- 
quircn  for  central  galvanization  is  to  unbutton  antt  loosen  the  collar, 
remove  the  coat  and  vest,  and  slip  up  the  whole  clothing,  so  thxt  free 
access  can  be  had  to  die  spine. 

A  JemaU  patient  may  reiitove  her  corsets  and  slip  up  her  under 
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clotliing,  or  merely  loosen  the  clothing  at  the  neck  and  waist,  so  as  to 
make  room  for  an  electrode  to  be  passed  down  to  the  c|>igastnunif  and 
for  a  spinal  electrode  to  be  passed  up  and  dowrn  the  Ixick. 

Efutrodes. — For  the  negative  electrode  at  the  pit  of  the  stomach. 
Any  sponge  or  fiannel  electrode  with  a  broad  siiiface,  so  as  not  to  be 
loo  painful,  and  an  insulated  handle  that  the  patient  can  hold,  will 
answer. 

For  the  positive  pole,  we  prefer  aJjustabte  electrodes  (see  p.  323),  of 
different  sifcs.  These  can  be  passed  under  the  clothing  wiih  great  ease, 
and  can  also  be  provided  with  llannel  covers,  (hat  may  be  washed  as 
often  as  necessary. 

Battery. — Almost  any  fonn  of  galvanic  battery  will  anstver  for  central 
galvanization,  but  for  reasons  before  given  (p.  311).  a  battery  that  ^vcs 
a  steady  uniform  current,  and  that  is  provided  with  a  rheostat,  is  pre- 
ferable. The  Cabinet  battery  is  exceedingly  convenient  for  ccncraJ 
galvanization. 

The  method  of  central  galvanization  is  based  on  these  four  as- 
sumptions, all  of  wliicli  Kccni  to  us  justifiable. 

1.  That  in  a  very  large  number  of  diseases  and  especially  of  the  so* 
called  functional  diseases,  ihc  ]>athology  is  not  exclusively  confined  te 
any  region  of  the  brain,  or  sym pathetic,  or  spinal  cord,  but  tlie  whole 
central  nervous  system  Is  invaded  by  a  condition  of  exhaustion  and  ir- 
ritability. We  believe  this  to  be  true  not  only  of  hysleria,  chorea,  and 
of  many  affections  allied  to  them,  but  of  certain  states  ofncuraJgia,  and 
a  number  of  diseases  of  the  skin.  It  is  possible,  furlhennore,  that  some 
diseases  that  are  not  now  regarded  as  in  any  res|}ect  of  a  nervous  char- 
acter may  in  the  future  be  shown  to  depend  so  closely  on  llie  nervous 
system  that  they  can  be  most  successfully  treated,  not  through  their 
varying  and  local  manifestations,  but  through  the  brain,  spinal  cord,  and 
sympathetic.  That  certain  diseases,  nut  primarily  nervous,  do  so  affect 
the  ncr\'Ous  system  that  tliey  need  to  be  treated,  in  part  at  least,  by 
remedies  lit  at  act  on  the  nerves,  will  be  conceded,  1  suppose,  without 
qncstion. 

2.  Iliat  a  large  proportion  of  the  most  freqnent  and  distressing  chronic 
•iiscasei,  as  hysteria,  hj-pocbonilria.  neiirasihenia,  chorea,  epilepsy, 
nervous  dys|K'psia,  neural^-ia,  and  tnany  forms  of  insanity,  are  .so  obscure 
dnd  subtle  in  their  pathology  that  it  is  im])Ossible  lo  determine  tiie  ]>re- 
dse  seat  of  th ;  disease  in  any  given  case,  even  where  some  local  patho- 
logical condition  may  exist,  and  consequently  we  can  never  know  jiisi 
where  ihe  currenc  should  be  localised.  Even  when  the  seat  of  die  dis- 
ease is,  or  is  supposed  to  be,  accurately  known,  if  a  special  revelation 
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s}ionld  kindly  inform  us  whether  epilepsy,  for  example,  lakes  its  origin 
ID  the  brain  or  in  the  sympathetic,  and  should  point  out  to  us  just  where 
tlie  lesion  occurred,  we  should  still  be  in  the  dark  in  regard  to  the  be»» 
method  of  localizing  llie  current,  for  without  another  and  siill  more 
complex  revela.tion  we  could  not  determine  the  extent  to  which  aU 
other  parts  of  the  nervous  system  had  been  affected  by  the  local  dis- 
ease. 

The  force  of  this  objection  to  the  use  of  the  accepted  method  of 
galvanizing  the  brain  and  cervical  sympathetic  is  seen  when  wc  attempt 
10  give  the  complete  pathology  of  any  of  the  diseases  we  have  just  men- 
tioned, and,  indeed,  of  almost  any  nervous  disease  that  can  be  men- 
tioned. Where  is  the  precise  seal  of  the  disease  in  nervous  dyspepsia  ? 
Wc  know  that  the  stomach  is  weak,  and  we  prescribe  galvanization  of 
tlie  imeumogastric  ;  but  what  have  the  solar  plexus  and  (he  spinal  cord 
to  say  in  the  matter?  Who  can  tell  just  how  not  only  ihey,  but  the 
brail)  itself,  may  be  the  origin  of  nervous  dyspepsia,  or  how  much  they 
share  in  the  |>athological  disturbance,  and  consequently  how  much  they 
need  treatment  ?  After  eleven  centuries  of  medical  study,  who  can 
lelt  the  precise  and  exclusive  scat  of  the  disease  in  epilepsy,  hysteria,  ar»d 
neurasthenia?  Is  not  the  probability  continually  growing  stronger 
with  the  advance  of  scilmicc,  that  in  these  and  many  otlier  diseases  the 
whole  or  a  large  port  of  the  central  nervous  system  shares  as  a  cause, 
or  result,  or  concomitant  ?  Kvcn  in  those  diseases  where  the  lesion  is 
understood,  is  there  not  much  more  of  the  unknown  than  of  the  known  ? 
In  locomotor  ataxia,  progressive  nmscular  atrophy,  spinal  congestion 
and  irritation,  is  the  spine  only  at  fault  ?  Do  the  sympathetic  and  brain 
wholly  esca|ie  the  infection?  "-Kvil  communications  corrupt  good 
manners  "  in  pnthdlugy  as  well  as  in  morals,  and  the  communications 
between  the  sympathetic,  and  cord,  and  brain,  and  the  nerves  that  branch 
from  all  these,  are  so  varied,  and  intimate,  and  complex,  that  when  the 
cord  is  known  to  be  diseased  we  very  naturally  incline  to  consider  the 
other  parts  of  the  nervous  system,  like  "  poor  dog  Tray,"  in  bad  ci)m. 
pany,  and  we  become  very  justly  suspicious  of  their  character.  In  this 
suspicion  wc  are  justified  by  the  accepted  views  of  the  functions  of  the 
sympathetic,  and  by  the  clinical  signs  and  symptoms  of  these  diseases 

In  cerebral  hemorrhage  we  usually  know  the  general  locality  of  the 
disease,  if  not  its  precise  nature  ;  but  the  spinal  cord,  through  disuse, 
becomes  affected  with  secondvy  degenerations,  and  the  organs  of  di- 
gestion also  more  or  less  sympathize. 

3.  That  the  nutrition  of  the  central  nervous  system  will  be  iraproved 
by  passing  through  it  a  mild  galvanic  current. 
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That  iu  the  great  majority  of  cases  of  so-called  fimcrior.a1  neivoua 
disease,  and  in  many  of  the  cases  of  special  structural  lesions,  ncrvo- 
tonics  are  indicated,  will  be  questioned  by  no,one.  It  is  also  coming 
to  b«  pretty  generally  admitted  that  eteclricity  is  something  more  than 
a  stimulant — iliat  it  is  a  ionic  with  a  powerful  sedai'iTe  influence.  Still 
further,  it  is  admitted  that  the  sedative  and  tonic  effects  of  electricity 
can  be  obtained  by  passing  the  current,  with  little  01  no  inlerroption, 
through  any  part,  the  nutrition  of  which  needs  to  be  improved. 

4.  It  15  impossible  to  exclusively  localize  the  current  in  the  cervical 
sympathetic,  hence  it  is  certain  thai  the  good  results  that  in  some  instances 
follow  the  galvanization  throngh  the  neck  are  due  to  the  effect  of  the 
current  on  the  spinal  cord  or  pncuniogastric,  as  well  as  to  the  cervical 
ganglia  of  ihe  sympathelic  That  the  beneficial  effectsof  galvanizing  the 
neck  in  cases  of  nausea,  dyspepsia,  and  gastralgia,  are  due  in  part  if  not 
entirely  to  ihc  effect  of  the  current  on  the  pncuinogasiric,  is  more  than 
probable.  Conversely,  we  find  it  impossible  to  tell  iiow  far  our  attempts 
to  localize  the  current  in  the  pneumogasmc,  by  placing  one  pole  at  the 
pit  of  the  stomach  and  the  other  by  (he  inner  bordt-r  of  the  sternu-cleido 
masioid  muscle,  was  successful ;  and  whether  the  benefit  derived  took 
place  through  the  pncumogastric,  the  sympathetic  alone,  or  through  both 
combined,  seems  beyond  the  power  of  mortal  skill  to  determine. 

Similar  difliculties  are  experienced  in  tlie  attempt  to  difTerenliate  the 
effects  of  Ihe  galvanizing  (he  brain  ;  how  much  the  results  of  applica- 
tions 10  the  head  arc  due  to  the  direct  or  rc^cx  action  of  ihc  current  on 
the  brain  itself  how  much  to  its  action  on  the  cephalic  ganglia  of  the 
sympadiclic,  and  how  much  to  its  action  on  the  roots  of  the  pneumo- 
gastric  and  the  upper  part  of  the  spinal  cord,  sccins  in  the  |»rc5cnt  state 
of  the  sciences  of  anatomy  and  physiology  absolutely  impossible  to  de- 
termine. In  galvanizing  the  spine  we  are  puji^led  by  the  same  com- 
plications. The  cervical,  thoracic,  and  abdominal  ganglia  of  (tie  sym- 
pathetic,  nith  their  enormous  plexuses,  are  all  liable  to  be  affected  by 
the  current  whenever  it  is  applied  Gp  and  down  the  spine  ;  and  how  far 
the  beneficial  results  of  galvanization  are  due  to  the  effect  of  the  cur- 
rent on  the  cord  itself,  and  how  far  to  its  effect  on  these  ganglia  and 
plexuses,  only  a  special  revelation  can  determine. 

Still  further,  the  subject  is  complicated  by  the  consideration  that 
electricity  works  powerfully  by  reflex  action,  and  in  galvanizing  the 
brain,  (he  cervical  sympathetic,  or  the  spine,  reflex  action  must  continu* 
ally  lake  place  through  the  nerve-centres,  and  the  therapeutical  results 
produced  by  such  treatment  must  be  in  part  attributable  to  such  rcilex 
xction. 
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TItc  positive  pole  (anode)  is  applied  over  the  head,  neck,  and  spine, 
because  it  if  lcs£  irritiiting  than  the  negative,  andtemU  to  diminish  irri- 
tabiHty.  The  tnajonty  of  the  cases  for  which  central  gaUanizaticn  is 
used  are  hi  a  condition  of  abnormal  iiriiability,  and  need  the  calming 
elfects  of  analectrolonos  rather  than  the  irritating  efTtfct»  of  catalcctro- 
ronos.  'i'o  this  rutt.*  there  are  individual  exceptions  :  there  are  cases 
that  appear  to  be  benefited  more  by  tlic  negative  than  the  positive  ^J 
pole.     (Sec  pp.  226-228.)  ^M 

The  negarivc  pole  (cathode]  is  placed  at  the  epigastrium,  because 
the  epigasiiium  is  a  gootl,  indifferent  point,  that  will  bear  well  the  irri- 
taring  effect  of  catalecttotonos.  In  order  to  avoid  over-irritating  the^J 
slomach  and  the  pncnmogastnc  nerve,  it  is  well,  in  very  seni&itive 
patients,  and  when  long  applications  arc  useil,  to  change  the  position 
of  the  negative  electrode  by  moving  it  up  and  dovn  between  the  ster 
num  and  abdomen. 

The  positive  and  negative  modifications  (see  Electro -Physiology,  p.  103  f 
thai  take  place  at  ihc  breaking  of  the  galvanic  current,  in  the  region  of 
the  anode  and  the  cathode,  probably  complicate  somewhat  tlie  effects  of 
treatment — are,  Indeed,  factors  of  some  im[iortance  in  producing  the^| 
effects,  and  not  unlikely  explain,  in  part,  the  disagreeable  results  thai 
come  from  too  frc(|uently  inlernipting  the  current  when  treating  nerve- 
centres.  The  positive  and  negative  modifications  can,  howevei*,  be 
mostly  avoided  by  using  a  rheostat  of  «onie  kinfl,  and  gradually  reducing 
the  sirengtii  of  ihe  cnrrent  to  a  minimutn  before  the  electrodes  are  re- 
moved. 

Central  Gati-aniiattoii  Compared  tvilh  Locaiiied  Gah'antMtion  0/  the 
Xerve-^entret. — W'z  claim  for  central  galvaniiation  a  distinct  and  sepa- 
rate position  atnong  tliedifferenl  inelliotls  of  using  electricity  in  medicine. 
'J'he  applications  of  the  galvanic  current  to  the  head,  the  neck,  and  the 
spine,  which  have  been  variously  used  by  electro- therapeutists  since  Ihe  J 
time  of  Remak,  are  simply  forms  of  localized  electrization,  since  the 
object  aimed  at  in  all  of  them  is  to  locaUzc  the  current,  so  far  as  possible* 
u)  the  brain  or  some  portion  of  It,  In  the  cervical  ganglia  of  the  sympa- 
ihctic,  or  in  tlic  spinal  cord.  Then,  again,  in  all  these  forms  of  localized 
galv.inij:ation  of  the  nerve-centres,  the  poles  are  placed  near  each  other 
over  ihc  part  to  be  affected,  and  the  peculiar  action  of  both  poles  is  felt, 
•u  lur  as  is  possible  by  external  application,  in  tlie  organ  that  ts  treated.  ^ 

In  galvanizing  the  bead,  for  cxam])Ie,  the  poles  arc  applied   behind  fl 
die  cars,  or  in  front  of  Oicm,  or  one  is  placed  on  the  forehead,  .ind 
the  other  on  the  occiput,  or  at  Ilie  nape  of  the  neck.     In  galvanizing 
tt*e  cervical  ganglia   ul  Ihe  sympathetic^  one  ^wle  is  placed  on 
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Auriculo-niaxiUaiy  fossa,  or  along  the  inner  border  of  the  stemo-detdo- 
oustoid  muscle,  while  the  other  is  applied  at  the  back  of  the  neck.  In 
galvanising  the  spine,  one  pale  is  placed  at  the  upper  or  lower  part, 
while  the  other  is  passed  up  and  down  the  entire  length,  or  kept  in  oii« 
place,  ur  both  may  be  moved  up  and  down  the  entire  length  of  Ihc 
cord,  or  conBnt'd  to  any  portion,  as  is  desired. 

Ilut  in  ceniial  galvaaizAtiun  the  electrodes  are  so  placed  that  ihe 
whole  central  nervous  system  ts  brought  under  Ihe  influence  of  one  pole 
(aEuallythe  positive)  of  the  g3lv3.nic  current  at  one  sitting,  and  without 
any  iin^iortant  change  uf  posiliunof  the  negative  pole,  Bjbidcs  the  cen- 
tral nervous  system,  the  pneumogastric  and  the  slouuch  itself  ore  also 
affected ;  in  a  word,  the  great  centres  of  life,  uf  health,  and  of  disease. 

Comparing  central  galvanization  with  localized  galvanization  of  the 
nerve  centres,  by  the  effitts^  we  find  differences  of  a  most  marked  and 
interesting  character  exist.  The  ordinary  methods  of  galvanizing  the 
cervical  sympathetic,  the  brain,  or  the  spine,  do  not,  either  singly  or  in 
con»bination,  produce  the  powerful  tonic  results  that  are  freiiuently  ob- 
tained by  central  galvanization.  Sedative  and  tonic  effects  arc  unqiies* 
tionably  produced  by  these  local  methods,  but  they  are  frequently  in- 
ferior in  quality  and  degree  to  those  derived  from  central  gaivonixation 
when  properly  administered.  This  conclusion  is  derived  from  actual  trial 
and  observation  of  cases.  Neither  the  temporary  nor  the  {lernianent 
effects  of  localized  galvanization  of  the  brain,  of  the  cervical  sym* 
(Uthetic  and  pneuniogasrric,  or  of  the  spine,  are  as  satisfactory  in  many 
cases,  even  when  tiiey  are  successively  used  at  the  same  sitting  and 
with  the  same  lime  and  strength  of  current,  as  central  galvanization. 

Still  further,  experience  teaches  that  the  method  of  centra'  galvanira- 
lion,  in  its  completeness,  is  more  serviceable  than  partial  or  incomplete 
applications  of  it.  Placing  the  negative  pole  on  the  epigastrium,  and 
the  other  on  the  spine,  will  not  accomplish  the  full  effects  of  central 
galvanization,  although  so  far  as  it  goes  it  is  a  gn<;d  method,  and  pro- 
duces sedative  and  tonic  effects.  To  confine  the  attention  to  the  head 
and  neck  alone,  also,  is  not  sulftcient. 

Compared  with  Central  Faradnation. — Comjjaring  central  galvaniza- 
tion with  general  faradization,  we  find  most  iniportarl  differences.  In 
Ihe  one  only  the  galvanic,  in  the  other  onlj  the  farsdic,  current  is 
used. 

In  general  faradization  the  application  is  made  not  only  over  the 
central  nervous  system,  but  over  the  entire  trunk,  and  especial  attention 
is  given  to  the  muscles  of  the  abdomen  and  extrrmities.  In  central 
galvanisation  the  chief  aim  is  to  affect  the  central  nervous  system;  in 
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general  faradUarion  the  chief  aim  is  to  affect  the  muscular  system, 
although  Ihc  nervous  system,  central  and  peripheral,  is  affected  both 
directly  and  reflcxly. 

Comjiaring  the  efTccIs  of  central  galvanization  with  those  of  general 
faradization,  we  find  that  both  are  powerful  tonics,  and  are  adapted  fot 
conditions  of  debility,  by  wliatever  names  tliey  may  be  known.  Voi 
some  cases,  ami  [jarlicularly  for  cases  associated  with  great  muscular 
debility,  general  faradization  is  more  etfective  than  central  galvaniza- 
tion. On  the  oilier  hand,  in  cases  where  simply  exhaustion  of  the 
nei-ve-centres  is  the  leading  condition — as  hysteria,  chorea,  and  so 
forth— central  galvanization  is  oftentitncs  far  superior  to  general  faradi* 
ration. 

Central  Galvanization  alternated  with  General  Faradizaticn. — Some 
of  the  best  results  that  wc  have  yet  seen  have  been  secured  by  combin- 
ing or  by  alternating  (he  two  methods. 

Sometimes,  after  general  laradization  has  done  all  that  it  is  capable  of, 
central  galvanization,  rightly  used,  helps  to  lift  tlic  patient  slill  higher. 
In  cases  where  we  arc  not  experimenting,  and  seek  only  the  best  good 
of  the  patient  in  the  shortest  time  possible,  we  use  in  succession,  or 
alternation,  and  with  cltanges  and  modifications,  all  the  iirincipal 
methods — local  galvanization  of  the  brain,  of  the  cervical  sympathetic 
and  spine,  general  faratlization  and  central  galvanization.  'I'his  course 
is  found  to  be  oftentimes  justified  by  the  results.  The  improvement  is 
mote  positive  and  more  pennanent  than  when  a  single  method  is  used 
exclusively. 

Some  cases  we  treat  one  week  by  general  faradization,  die  next 
week  hy  central  galvanization ;  sometimes  we  alternate  the  methods 
from  day  to  day. 

There  are,  however,  cases  not  a  few,  where  all  forms  of  faradization, 
and  where  local  galvanization  of  the  nerve-centres  irritates  rather  than 
benefits,  but  in  which,  under  the  metliod  of  central  galvanization,  there 
is  sure  and  constant  improvement 

Dr.  Althaus,  of  London,  in  the  third  edition  of  his  most  excellent 
work  on  Medical  Electricity,  after  describing  this  method  of  central 
galvanization  in  detail,  remarks  that  he  liad  never  carried  out  the 
method  in  its  entirety,  but  that  he  had  used,  experimentally,  applica- 
tions to  the  head  and  neck  n-ith  the  anode,  and  to  the  epigastrium  with 
the  cathode.  He  states  that  unpleasant  results  have  followed  these 
experiments,  that  disagreeable  cerebral  symptoms  were  produced  by  ii 
during  the  application,  and  which  sometimes  continued  for  twenty-foui 
hours  or  more  aflerftards. 
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"The  patleiitj  had  a  general  sensation  of  maiaist  and  acTvousnes^ 
headache,  and  a  fcc)ing  of  giddiness  and  confusion." 

Dr.  Althaus  further  states  that  he  has  used  the  "  application  of  the 
mode  to  the  cervical  and  hiinbar  spine,  and  of  the  cathode  to  the  pit 
of  the  btomach  with  advantage." 

Notfiing  IS  easier  than  to  produce  these  unpleasant  results  in  sus- 
ceptible patients  by  any  method  of  galvani/ing  the  brain  and  neck, 
pronded  strong  currents  arc  used,  or  interruptions  are  allowed,  or  the 
applications  are  pralunged.  The  same  ejects  may  follow  general  fara- 
dization and  localized  galvanization. 

In  beginning  to  treat  a  patient  by  central  galvanization,  we  should 
nse  very  mild,  scarcely  perceptible  currents,  particularly  around  the 
head  and  neck,  and  even  on  the  cervical  spine,  and  great  pains  should 
be  taken  to  avoid  breaking  the  current,  and  the  application  should  be 
of  only  a  few  moinenis*  duration.  Taking  these  precautions  has  now 
become  with  us  a  mere  matter  of  routuie,  and  we  are  every  day  accui- 
tonicd  to  treat  the  most  sensitive  ami  delicate  paiicnis — cases  of  hyi- 
teria,  nervous  exhaustion,  hypochondriasis,  and  allied  affections — cases 
which  are  sufficiently  familiar  to  ill  American  physicians,  and  with 
Sedative  and  tonic  *■  Rects  that  arc  not  obtainable  by  other  methods. 

Whenever  any  of  the  disagreeable  effects  spoken  of  by  Dr.  Althaus 
occur,  we  always  give  the  patient  a  longer  interval,  and  moderate  the 
applications  until  only  good,  unmixed  with  evil,  effects  appear. 

The  American  constitution  is  more  susceptible  to  electricity  tlian 
the  English  nr  the  Ccmian,  and  if  our  nervously  exhausted,  hysterical 
women  can  bear  and  be  profited  by  central  galvanization,  surely  the 
women  of  England  and  Germany  might  be  treated  by  the  same  method, 
even  when  used  with  less  caution. 

We  have  frerptently  treated  by  this  method  delicate  women  who  are 
too  feeble  to  walk  or  stand,  or  even  to  sit  up.  and  who,  tlicR-fore,  must 
be  treated  in  bed,  and  even  in  such  cases,  the  disagreeable  effects  only 
occur  row  and  then,  and  no  oftener  than  they  occur  when  other 
methods  of  electrization  are  employed  in  the  same  kind  of  cases ;  in* 
deed,  not  so  frequently  as  they  follow  general  faradization  or  local 
galvanization  of  the  brain. 

Reply  t9  Ofijections  against  Galvani*alion  of  the  Nerve-tenfres. — 
It  is  proper  here  to  consider  brieSy  some  of  the  objections  that  have 
been  brought  against  galvanizing  the  nerve-centres  by  the  method  of 
central  galvanization,  or  by  any  form  of  local  galvanization.  These 
objections,  which  in  some  instances  have  come  from  persons  who  oc 
other  subjects  arc  well-informed,  are  of  a  threefold  character. 
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I.  That  the  current  goes  around  the  nervc-ccntrea,  and  not  througf 
Ihem.  Tins  objection  is  fully  met  by  the  experiments  rccordetl  id 
HectroPhysiology,  pp.  170-173. 

7.  That  we  do  not  comiilccely  understand  what  the  current  doef 
when  it  penetrates  the  nerve-centres — in  other  words,  the  rationale  of 
ihr  effect  of  electricity  on  nuiriiion  is  not  yet  an  exact  science.  Thu 
objection  ia  just  enough,  considered  as  a  fact,  Lwc  considered  aa  an  ar- 
gument, it  attempts  to  prove  too  niucll.  By  reftfrring  to  Kluctro-Pliyst- 
ology  we  shall  me  that  there  are  few,  if  any  remedies,  the  action  uf 
which  is  OS  well  iindcrslood  as  electricity.  \Vc  do  not  exactly  and  ex- 
haustively know  its  action  on  the  nerve -centres,  neither  do  we  exactly 
and  exhaustively  know  its  action  on  the  jieripheral  muscles  and  ner\'es, 
and  if  this  objection  is  to  liuld  good  agdiiKl  galvanization  of  the  nerve- 
centres,  it  must  also  hold  good  against  all  j>eri|)heral  galvanization  and 
faradi^cation. 

3.  That  it  is  dangerous  to  apply  the  galvanic  current  through  the 
head  and  neck. 

Dr.  Anstic,  who  is  a  very  strong  friend  of  electro-therapeutics  in 
general,  in  his  excellent  work  on  Yieuralgia,  speaks  of  galvanization  of 
the  cervical  aympalhelic  as  a  aielliod  to  be  either  .ivuided  or  used  with 
very  great  caution,  and,  in  support  of  this  view,  adduces  a  case  in  his 
own  practice.  In  a  review  of  Tibbetis's  little  "  Hand-book  of  Medical 
Electricity,"  Dr.  Ansric  repeats  this  caution,  and  ex|tre3scs  appreUeo- 
sion  lest  great  injury  may  follow  the  use  of  this  method  of  treatment 
The  error  of  Dr  Anstic  consists,  nut  in  enjoining  caution,  since  this  is 
needed  in  ail  electrical  applications,  but  in  suggesting  the  idea  that  gal- 
vanization of  the  cervical  syin[jathctic  is  a  dangerous  procedure,  likely 
\o  protluce  serious  results.  Quite  recently  Dr.  Urown-Stquard,  io  a 
foot-note  to  one  of  his  series  of  very  able  papers,  s|>caks  as  follows : 

"  Recently,  some  bold  physicians  have  tried  to  galvanize  the  cervical 
Sympathetic  nerve.  This  I  did  once  in  1S55  on  my  eminent  friend 
Prof  Ch.  Konget,  to  try  to  relieve  ium  frotn  a  most  violent  headache. 

"The  effect  was  all  we  could  desire  against  the  headache i  but  the 
galvanic  current,  acting  at  the  same  time  on  the  sympathetic  and  the 
vagus  ^the  simuitaneous  excitation  of  these  two  nerves  cannot  be 
avoided),  produced  such  a  dangerous  syncope,  that  I  prumised  myself 
that  I  would  never  tr^-  again  to  apply  galvanism  to  the  cervical  &ym)a- 
thelic  of  man."* 

The  best  reply  to  objections  of  this  nature,  coming  from  men  whc 

•  Arckhftt  0/  SfifMii/le  an  I  Praditol  Meditiut,  pi  9a,  No.  |,  1873. 
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are  justly  distinguished  in  the  dciiartnicnts  to  which  tlicir  lives  arc  de 
voted,  is  found  in  the  ar^umeiUuni  aii  hominem. 

Dr.  Anstie  highly  recommends  hypodermic  injeciions  of  morphine  iit 
neuralgia. 

If,  now,  wc  should  say  to  him  that  m-e  knew  of  a  case  where  an  injcr 
tion  of  morphine  had  almost  instantly  caused  most  alarming  symjttnms, 
and  of  another  ca^e  where  it  had  aj>|).ii  eiitly  caused  death,  conseijueiilly 
we  had  resolve<l  never  again  to  use  that  method  of  treatment,  he  would 
reply  that  hypodermic  injections  had  been  tested  for  yr.irs  at  the  handi 
of  many  of  the  best  physicians  of  our  time  ;  that  those  who  are  most 
faiuiliar  with  tticin  are  usually  the  most  attached  to  them ;  and  that, 
when  properly  administered  with  tiic  cu;ution  Uiat  all  potent  remedial 
measures  demand,  and  the  skill  that  only  experience  can  give,  they 
need  seldom  or  never  do  serious  harm  ;  and  that  the  infinitely  small 
clunce  of  their  doing  harm,  when  thus  properly  used,  is  so  far  over- 
shadowed, by  the  infinite  relief  which  they  unquestionably  do  afford,  as 
to  be  hardly  worthy  of  consideration  in  the  practice  of  those  who  have 
nude  themselves  familiar  with  their  administration. 

Dr.  Hrown-S^quard  has,  among  very  many  other  researches  deserved 
well  of  the  profession  for  having  given  an  explanation  of  ttie  action  of 
ergot  on  unslriped  muscuLLr  fibr<:,  and  for  having,  on  llij  basis  of  this 
explanation,  suggested  the  value  of  chat  iriuedy  iu  congestion  of  the 
q>inal  cord. 

If,  now,  we  should  say  to  him  that  there  are  cases  where,  with 
well-dcfinc<l  symptoms  of  hyper-'cuiia  of  the  cord,  ergot  at  once  aggra- 
vates ihc  syiiiptonif,  we  should  but  state  the  truth  of  our  experience. 
Hecould  reply,  however,  with  perfect  justice,  that  just  as  there  are  those 
in  whom  a  single  strawberry  will  cause  most  disasjreeable  syniplutns,  oi 
those  to  whom  a  mouthful  of  mutton  is  a  mouthful  of  poison,  just  so 
there  arc  those  who,  whatever  their  disease  may  be,  cannot  bear  ergot ; 
but  that,  when  wisely  used  by  those  who  know  what  iliey  are  about,  it 
U  a  remedy  of  vast  and  various  eilicacy. 

For  hypodermic  injections  of  ergot,  substitute  galvanization  of  the 
cervical  sympathetic,  and  our  reply  is  complete.  There  are  those  to 
whom  electricity,  however  administered,  is  a  perfect  poison,  and  who 
were  not  bom  to  be  treated  by  this  most  potent  of  remedial  agents. 
There  are  those  who  can  bear  it  in  well-nigh  limitless  doses. 

There  are  those  wlio  can  bear  it  and  who  are  benefited  by  it,  but  onl) 
when  given  with  delicjcy  anil  great  caution.  Now,  It  is  ]>ossible  to 
galvanize  the  ccr\-ical  syju[»athctic  in  all  three  classes,  eiccept  the  first, 
without  doing  any  serious  injury*,  permanent  or  temporary.    Even  ihou 
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mha  art  the  most  susceptible  to  electricity,  far  wfann  this  force  can  nevel 
he  iienefcial,  can  yet  be  trtaled  by  the  method  of  central  galvanitation^ 
with  very  mild  curreuts  and  short  sittings,  and  a  rheostat  of  some  ktna 
ia  avoid  interrupting  the  current^  without  any  permanent  or  temporary 
injury. 

All  our  most  patent  remedies  are  dangerous  when  used  dangerously 
4.  That  the  cases  which  have  been  treated  by  galvanization  of  the 
brain  have  been  so  carelessly  and  unscientifically  studied,  and  so  reck- 
lessly reported,  that  they  have  no  scientific  value.  Dr.  Cyon,  in  par- 
ticulir,  declares  that  the  observations  tliat  ore  given  as  proofs  of  the 
curative  effects  of  galvanizing  the  brain  are  valueless.  This  statement 
is  unfair.  What  is  true  of  certain  electro-therapeutists  is  not  true  of 
all.  The  therapeutics  of  ga1vani^ation  of  the  brain  have  been  studied 
by  men  who  have  been  trained  to  the  habit  of  close  and  discrinnnating 
observation ;  wlio  recognize  and  bear  constantly  in  mind  the  enormous 
complications  chat  beset  all  therapeutics;  who  have  wotked  under  the 
gaze  of  watchful  skeptics,  and  with  tlie  everlasting  motto,  post  hoc  ergo 
propter  hoc,  incessantly  ringing  in  their  ears  ;  men,  too,  who  have  car- 
ried conscience  into  science,  and  have  reported  the  results  to  the  world 
just  as  they  were  revealed  to  them. 

It  is  of  very  little  practical  consequence  whether  these  effects  are  due 
to  the  direct  passage  of  tlie  current  through  the  brain  or  to  the  retlex 
action  of  the  current  on  ihc  brain  through  the  sensory  nerves.  Reticx 
action  conies  in  to  explain  the  therapeutic  effects  of  electricity,  bowevet 
and  wherever  applied.  Granting  for  one  moment,  what  is  not  true, 
that  mild  currents  cannot  penetrate  the  brain,  this  would  be  no  reason 
whatever  for  abandoning  the  electrical  treatment  of  the  brain  so  long 
u  experience  shows  that  benefit  is  derived  thereby. 


CriAPTKR  xirt. 

THE   USE    OP   FRANKJ-INIC   OR  STATIC   ELECTRICITY. 

The  two  great  obstacles  to  the  use  ami  popularizaiion  of  FranVlJnic 
electricity  have  been  :  i,  That  the  necessary  aiJparaius  were  bulky 
^and  ex|>ensive  ;  2,  That  they  were  more  or  less  deiiendent  upon 
SltniDspheric  conditions,  and  therefore  uncertain  in  llieir  action.  The 
^st  of  these  objections  stUl  holds,  but  ihe  other  no  longer  exists. 

With  the  apparatus  to  be  tiescribed  we  are  able,  at  all  seasons  and 
io  all  kinds  of  weather,  to  obtain  this  fomi  of  electricity  in  sufficient 
quaniily  for  therapeuUc  purimses.  Notwithstanding  this,  however^ 
there  is  one  disadvantage  under  which  we  occasionally  labor  in  the 
use  of  Franklinic  electricity,  and  this  is,  that  alihotigli  the  luaclune 
itself  worlds  well,  the  condition  of  the  external  atmosphere  is  such,  at 
certain  seasons,  that  the  stored  electricity  in  tlie  insulated  body  is 
abstracted  too  quickly.  It  is  mainly  in  the  months  of  July  and  August 
that  this  ditticulty  occurs. 

Apparatus  for  Franklimtatmi. — The  best  apparatus  for  (he  gen- 
eration of  Franklinic  electricity  for  medical  ]inr|)ase&  is  the  Hollz 
machine.  This  contrivance,  although  a  great  advance  over  the  old- 
fashioned  cylinder  machine,  slill  proved  inoperative  during  must  of  the 
summer  months  at  least,  and  freqtteutty  ceased  lo  act  for  awhile,  even 
in  winter. 

Vigoroux  has  recently  been  experimenting  in  this  direction  in 
Fans,  where  it  has  been  found  that  if  the  apparatus  U  covered  with  a 
tightly  fitting  gloss  case»  in  which  is  placed  a  rpiantity  of  chloride  of 
calcium,  which  absorbs  all  the  moisture  of  the  air,  electricity  caQ  be 
generated  with  more  or  less  readiness  in  all  kinds  of  weather. 

The  attention  of  the  profession  in  this  couniry  was  first  called  to 
this  useful  conlrivance  by  Dr.  W,  J.  Morton.*  The  machine  consists 
of  two  stationary  and  two  revolving  glass  plates,  giving  a  large  quan* 
tity,  and  a  fipafk  of  eight  or  ten  inches. 

Formerly   but  a  single  revolving  plate  was  used,  wliich  yielded  a 

*  New  York  hfciitcal  Record,  voL  xix.,  No,  14. 


Fic  tea, 
Holtx  Static  Induction  Machine  (wiih  ittx  36-inchrcvolving  pUics.  aodsetsof 
Electrodes  and  Leydcn  Jus,  with  altacliincals  (or  |;uing  the  static  induced  curreai, 
>DiJ  iiisulaicj  pbtFoTTH.  The  miK-iiiiic  may  be  run  l>y  e'cctrkity  from  the  «tTm;l, 
by  water,  tiy  hand,  or  as  vhown  n  llir  cut  by  a  stnragc  battery).  For  a  ilescrip* 
bon  of  tlie  storage  battery  see  CliaplGT  II„  E'lcctro^urgery. 


METHODS  OF  FRANKLINIZATION. 


397 


I 


its  stationary  wheels  twcnly-six,  and  its  revolving  wheels  Iwenty-four 
inches  in  diameter  is  sufficient.  This  apparatus  is  represented  in 
Pig.  t03.  The  muchine  may  be  operated  by  steam  or  water  motor, 
or  by  hand. 

Franklinization,  as  this  method  of  treatment  is  now  termed,  may 
be  given  in  several  ways,  each  differing  in  the  effect  produced. 

JnTulafion.—\i\  the  adininisiralion  «(  franklinic  electricity,  insula- 
tion is  the  Brst  step  taken,  and  to  this  end  the  patient  is  seated  upon 
a  platform  supi»orted  by  glass  leys,  and  connected  by  a  brass  rod 
*ntli  cither  side  of  ihc  machine,  according  as  nc  wish  to  give  a  posi> 
live  or  a  negative  charge.     As  in  the  administration  of  dynamic  elec- 
tricity, BO    in    the  treatment    by    franklinic    electricity,    the    effect 
produced  is  due  to  what  is  termed  a  difference  of  potential.     In 
hydrostatics  Ihc  Ktanilard  level  uf  our  measiircnicnt  is  the  sea,  and  in 
electro -statics  the  earth,  and  in  the  same  way  that  wc  have  levels 
above  and  below  the  sea,  and  temperatures  above  aiid  below  zero,  so 
*c  have  potentials  adoie  and  Ma^w  the  earth's  potential,  termed  re- 
spectively positive  and  negative  potentials.     In  treating  a  patient, 
then,  by  insulation,  we  simply  change  his  potential  to  a  higher  or  to 
^  lower  one  than  that  of  the  earth,  according  as  he  is  placed  in  com- 
munication with  the  positive  or  negative  condenser.     To  useahomely 
phrase,  the  electricity  is,  as  it  were,  pumped  into  the  body,  and  its 
silent  reception,  and  as  silent  and  more  gradual  discharge  to  the  sur- 
rounding atmosphere,  produces  in  most  persons  effects  that  are  very 
agreeable.     The  hair  of  the  head  stands  out  in  all  directions,  accom- 
panied also  by  a  pleasant  vibrator)-  sensation,  if  at  the  same  lime  the 
discharging  knobs  are  brought  m  siitTicicntly  close  coraTnuniration. 

The  pulse  may  be  slightly  accelerated  and  the  face  6ushed,  while 
freqiiently  it  is  observed  that  a  slight  bi4t  gentle  perspiration  appears. 
This  condition  may  be  kept  up  for  about  twenty  minutes,  or  until 
an  agreeable  feeling  uf  drowsiness  is  experienced. 

If,  while  in  this  condition  of  insulation,  the  brass  rod  connecting 
the  insulating  stool  with  the  machine,  be  held  lightly  in  either  hand 
of  the  patient,  and  the  dischar-^in;^  rods  brought  near  together  so 
that  a  constant  discharge  takes  place  between  them,  the  sensation 
experienced  by  the  patient  is  similar  to  that  resulting  from  the  ad- 
ministration of  a  feeble  faradlc  current. 

In  those  patients  who  are  especially  susceptible,  this  mild  and 
simple  method  of  treatment  is  fre<^uently  of  much  value.  It  is 
slightly  tonic  and  refreshing  in  itj  action,  and  may  be  used  as  a  ten- 
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lativc  method  before  proceeding  to  the  more  positive  and  effective 
treatment  uf  the  spray,  sparks,  ami  shocks,  or  the  general  surface 
stimulation  that  is  so  admirably  obtained  by  the  use  of  the  roller. 
Usually  tlie  effects  ex(>crienccd  are  very  sliglit  indeed,  but  in  several 
instances  I  have  observed  some  curious  phenomena,  and  notably  in 
one  of  my  cases  where  ihe  patient  was  suffering  from  the  peculiar 
sequelx  of  ccrcbro-spinal  meningitis  described  elsewhere.  Treatment 
by  insulation  was  invariable'  followed  by  an  overpowering  tendency 
to  drowsiness,  which  would  continue  for  half  an  hour  ur  more;. 


L 


Franilifthation  by  Sparks  or  Sprays. — The  patient  being  tn  the 
condition  of  insulation  just  described,  sparks  can  be  drawn  from  any 
portion  of  the  body  by  the  near  approach  of  a  conductiitg  su)>siance. 
I'ig.  103  represents  the  operator  in  the  act  of  drawing  sparks  from 
the  patient  seated  upon  the  insulating  stool. 

Brass  balls  of  various  sizes  (mounted  on  glass  handles,  held  by  the 
operator),  connected  by  a  brass  chain  with  the  ground,  or  better  still, 
with  the  nearest  gas  or  water-pipe,  are  usually  employed.  Fig.  104 
represents  the  ball  electrode  ordinarily  used. 
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The  size  of  the  sparks  drawn  from  tlie  body  may  be  graduated  in 
size  and  length :  and  in  strength,  from  a  slight  tingle  to  the  sharp 
impression  that  accompanies  a  large  spark  ])assing  through  several 
inches  of  intervening  air.  The  body  varies  much  in  its  susceptibility 
to  electrical  influences,  and  as  in  the  use  of  dynamic  electricity,  and 
especially  the  induced  form  of  it,  so  in  the  use  of  franklinic  elec- 
tricity by  means  of  sparks,  the  operator  should  subject  his  own  person 
to  its  influences  until  be  is  thoroughly  aware  in  what  regions  these 
strong  sparks  are  not  disagreeable,  and  in  what  regions  they  are 
painful.  A  large  variety  of  elertrodes  besides  those  rejjrescntcd  in 
the  accoQtpanjing  cuts  may  be  used;  but  aside  from  special  forms 
for  the  car,  mouth,  nose,  etc ,  the   hall  electrodes  of  metal   and  of 
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hard  wooil,  and  the  pointed  rod  for  the  spray  or  electric  wind,  are,  as 
a  rule,  sufficient.  It  is  unnecessary  for  the  patient  to  remove  any  of 
his  clothing,  as  the  sparks  pass  readily  through  the  thickest  fabrics. 
At  the  point  where  the  sparks  spring  from  tlie  skin  to  the  elec- 
trode a  whitish  spot  will  be  at  first  noticed  and  in  some  cases  they 
very  closely  resemble  the  ordinary  urticarial  wheels  followed  by  erj-- 
thematous  blushes  which  soon  disappear.  When  in  place  of  a  round 
ball,  a  pointed  rod  (Fig.  105)  is  brought  within  a  few  inches  of  an  in- 
sulated body  already  charged,  we  obtain  the  effect  called  the  electric 
wind  or  spray.  This  is  due  to  the  silent  discharge  of  the  electricity 
that  has  accumulated  in  the  insulated  body. 
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Tlie  air  is  agiuted  between  the  electrorle  and  the  body  of  the  pa- 
tient, and  the  sensation  is  not  only  very  pleasant,  but  the  results  that 
follow  its  use  are  often  very  cfticacioiis. 

GtNcrai  Franklimzation.  -  On  the  same  principle  that  we  apply 
the  faradic  current  to  the  whole  surface  of  the  body,  calling  it  gen- 
eral faradization,  so  we  can  make  similar  use  of  the  franklinic  elec- 
tricity, and  very  properly  a]>pty  the  term  general  frankliniz-ation. 

This  is  accomplished  by  means  of  ihe  metallic  roller  (Fig.  to6}, 
although  it  is  by  no  means  so  generally  effective,  and  it  is  certainly 
far  less  agreeable.  It  directly  excites  the  cutaneous  nerves,  and  has 
also  a  powerful  reflex  action.  When  the  roller  is  used  upon  the  bare 
skin,  the  conduction  is  so  perfect  that  no  sensation  is  appreciated. 
It  is  only  when  the  clothing  intervenes,  acting  possibly  as  a  son  Lf 
Leyden  jar,  that  the  peculiar  pricking  sensation  is  obaer>-ed.  It  is 
needless  to  say  that  to  obtain  the  best  therapeutic  effect  of  the  roller, 
it  sliould  be  applied  over  the  clothing. 

Shocks fri?m  th€  Leytifnjar. — These  are  produced  by  bringing  the 
body,  or  that  portion  of  it  upon  which  we  wish  to  operate,  in  the 
circuit  between  the  outer  and  inner  coating.  A  shock  may  be  sent 
through  the  arms  and  chest  by  jilaclng  one  hand  on  the  knob  con- 
necting with  the  inner  coating  (containing  the  positive  electricity) 
and  the  other  hand  on  the  outer  coating  of  the  jar  containing  the 
negative  electricity.  A  shock  may  be  sent  through  the  pelvis  by  ap- 
plying one  end  uf  a  branched  conductor,  connected  with  the  inner 
coating,  to  the  back,  and  applying  the  outer  coaling  of  the  jar  against 
the  hypogastric  region,  in  the  same  way  the  electricity  from  the 
Lcydcn  jar  may  be  localized  in  any  part  of  the  body.  The  shock  is 
a  violent  method  of  treatment  and  is  not  usually  called  for. 

From  franklinic  electricity  in  the  form  of  sparks,  spra)-?.  and  gett- 
eral  franklinization,  tonic  and  sedative  effects  of  a  very  interesting  and 
positive  nature  can  be  obtained  either  by  insulation,  by  sparks^  or 
the  use  of  the  roller.  Speaking  fioni  a  considerable  experience  with 
this  form  of  electricity,  I  should  say  that,  while  its  constitutional 
tunic  effects  are  unequal  lo  those  that  follow  general  faradization, 
when  this  method  is  carried  out  properly,  with  due  attcnlioa  to  de- 
tail, yet,  as  an  adjunct  or  suiipleraent,  it  is  invaluable.  It  is  one  of 
the  familiar  things  in  medicine  that  a  remedy  which  at  first  acts  well 
may.  after  a  lime,  prove  inetricacious,  rendering  it  necessary  to  resort 
to  some  other  remedy  of  the  same  class.  This  is  true  in  regard  to 
the  dynamic  and  static  forms  of  electricity.     Occasionally  cases  of 
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nenovis  exiiau&tion  J.S  well  as  other  forms  of  disease,  after  improving 
to  a  certain  point  under  the 'influence  of  galvanism  or  faradisra, 
hang  fiie,  as  it  were,  but  by  submitting  the  patient  to  the  action  of 
franiclinizatinn  a  new  impulse  seems  to  t>e  ^iven.  In  this  way,  one 
treatment  supplementing  and  re-enforcing  the  oiliers,  results  are  ob* 
taincd  far  more  satisfactory  than  could  possibly  follow  the  exclusive 
use  uf  general  ur  locali^ej  faradization,  central  galvanizalion,  or 
franklinization.  Pain  is  sometimes  relieved  by  franklinization  after 
Loth  galvanism  and  faradisni  liave  failed,  but  iliis  is  not  the  nUe. 
The  pain  of  muscular  rheumatism,  however,  is  relieved  by  this  method 
sootier  and  more  effectually  than  by  the  ethers.  Foi  this  purjiose, 
the  treatment  by  the  roller,  which  exercises  a  generally  stimulating 
effect  over  a  broad  surface,  is  supeilor  to  the  Irtaiment  by  sparks. 

In  the  various  forms  of  true  neuralgia,  franklinism  is  not  com- 
parable in  power  to  galvanism.  The  pain  that  the  former  is  fre- 
quently so  successful  in  subduing  is  generally  of  a  chronic  character, 
confined  to  no  special  ntrvctrunks,  dull  and  aching  in  rharactcr, 
'»nd  with  no  tenderness  on  pressure.  In  these  cases  I  have  long  known 
that  the  faradic  was  superior  to  the  galvanic  current,  but  more  recent 
experience  has  convinced  nic  that  franklinization  is  more  cfficactous 
than  either.  In  the  enlargeil  joinis  of  subacute  and  chronic  rheuma- 
tism, and  to  excite  the  jirocess  of  absorption  in  chronic  synovitis,  the 
treatment  by  sparks  is  frequently  more  efficacious  than  either  faradi- 
zation or  galvanization.  In  old  contractions,  and  in  cutaneous  ansa- 
thesia,  franklinization  frequently  possesses  advantages  over  the  others. 

In  locomotor  ataxia,  and  in  systemic  diseases  of  the  spinal  cord 
in  general,  it  is  rendered  probable  by  a  number  of  suggestive  cases 
tliat  much  more  can  be  accomplished  by  the  use  of  franktinic  than 
by  dynamic  electricity. 

In  electro-diagnosis  fraiiklinic  electricity  is  of  but  limited  value, 
those  quantitative  ami  t|uaiitilalivc  changes  which  are  so  important 
as  indicating  structural  degeneration,  being  satisfactorily  produced 
only  through  the  action  of  the  two  forms  of  dynamic  electricity. 

7Jfc*  frankiinic  Interrupted  Curr  rit. — To  Dr.  W'm.  J.  Morten  be- 
longs the  rredit  of  having  first  suggested  and  dcsTibcd  the  s'aiic  in- 
duced  current.  It  has  without  doubt  added  very  materially  to  the 
therapeutic  efficiency  of  the  Holtz  machine,  anddesen-cs  careful  clini- 
cal study.  By  this  method  the  static  discharge  in  the  form  of  sparks 
becomes  dynamic  and  closely  allied  in  the  effects  that  it  produces 
to  the  ordinary  induced  or  faradic:  current  of  electricity. 
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The  spark  no  longer  (Jirectly  affects  the  boJy  of  the  patieot,  but 
occurs  in  some  distant  part  of  the  circuit,  thus  obviating  the  siiocks 
which  arc  to  some  so  tlisagreeabte.  'I'here  are  two  methods  by  which 
we  obtain  the  interrupted  franklinic  current: 

1.  With  the  electrodes  attached  to  ihe^prime  conductors  either 
without  or  with  the  condensers. 

2.  With  the  electrodes  directly  connected  with  the  condensers.* 
The  first  raelhod   is  represented  in  Ftg.  107  and  the  mode  of  its 

admin Utratioti  is  given  in  Fig.  108,  while  Fig.  1 1 1  illustrates  the  elec- 
trode niiployed  with  Sis  v.ariuns  attachments,     Fig.  107  therefore  rei>- 
-*-  «  —  " 


\\\ 


a 
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resents  the  interrupted  primary  circuit  of  a  ITokz  machine  without 
condensers,  <i,  statuling  for  llic  rotating  plates,  h  h,  collecting  combs, 
^  ^,  prime  conductors,*//^  discharging  rods, // conducting  cords, 
gi^  sponge  or  other  electrode^). 

If  the  patieut  is  insulated  anl  connected  with  the  other  pole  of 
the  machine,  as  in  Fig.  loS,  but  a  single  electrode  is  needed;  if,  how- 
ever, there  is  no  insulation,  the  two  electrodes  /  and^.  Fig.  107,  will 
be  required.  U]>on  grasping  the  two  electrodes  and  drawing  the  two 
brass  balls,  f /,  of  the  circuit-breaking  electrodes  apart,  a  current  is 
felt  causing  vigorous  muscular  contractions  in  ratio  with  the  distance 
a|>art  of  the  balls  and  the  lenglh  of  tiiic  spark  passing  between  them. 
Fig.  118  represents  sparks  passing  between  the  two  adjustable  balls 
and  a  corresponding  current,   producing  characteristic  electric  re- 

•  The  accompanying  cleclrcdcft  wer«  dfrlawl  \>y  Dr.  Morton,  and  with  the  cm* 
illustniLing  mclliudsof  applic^Ltioiii  were  Uikcii  (rviu  bis  paper  la  ihe  N.  V.  Med. 
RcoonI,  June  £4.  (891. 
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actions  at  the  point  o(  application  of  the  sponge  to  the  bodjr.     The 
second  tnethod  of  obt^ning  the  ialeirupted  fraiiklinic  current,  with 


Via.  iiiy. 
Method  of  Application  oi  the  Static  Inducctl  Current.     One  Electrode  appHeJ  to 
•      Stern^^cIciJo-niaftlokl  Muscle  for  illuatratiuo. 


Ibe  condensers  or  Lcydcn  jars,  is  ilhistrated  in  Fig.  109.  the  method 
of  its  admin istratioD  in  Fig.  no,  and  the  special  electrodes  to  be  eni- 
phyed  in  Fig.  113. 
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As  will  be  observed,  the  electrodes  are  connected  wiili  the  con- 
densers, and  the  patient  is  not  insulated.  Tlie  knobs  at  the  end  of 
each  discharging  rod  d  d^  instead  of  being  widely  separated  as  in 
Fig.  107,  are  brought  in  close  proximity  in  order  to  serve  as  a  circuit- 
breaker.  As  is  readily  KCcn,  the  circuit  breaker  is  still  in  the  primary 
circuit,  while  the  patient  is  necessarily  in  the  sccondan,-,  the  make 
and  break  in  the  primary  lieing  accompanied  with  a  current  in  the 
secondary. 

Fur  ihc  purpose  of  accurately  locali/ing  the  electric  spark  in  cither 
internal  ur  external  applications.  Dr.  Morton  has  also  devised  the 
excellent  electrode  illustrated  in  Fig.  114, 

It  is  claimed  for  this  current  that  it  produces  maximum  muscular 
contractions  with  a  minimum  amount  of  pain,  and  that  the  response 
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Fig.  114. 


Internal  AdmintMrMton*  of  Spark*,  h,  Elccirode;  a,  iMuUting;  tube  perfonited 
Tor  pissagc  of  sparks  and  currents;  <-,  |[uiding  handle  (or  rcguUting  tcogtb  of 
spark  and  cumni. 

is  quicker  than  that  from  the  faradic  current.  As  for  the  first  claim, 
it  is  difficult  to  see  how  it  can  be  determined,  since  the  ordinary 
faradic  current,  from  the  single-coil  apparatus  especially,  need  seldom 
call  forth  pain  in  the  production  of  muscular  contractions.  As  to 
the  alleged  greater  quickness  of  response,  I  have  not  as  yet  been 
able  to  satisfactorily  form  an  opinion.  The  cbange  in  the  apparatus 
for  the  production  of  this  current  is  quickly  and  easily  effected,  and 
for  the  purposes  of  localizt^d  electrization  it  is  useful.  For  genera] 
faradization,  however,  I  can  quite  confidcnily  assert  that  it  is  far  in- 
ferior to  the  current  produced  by  the  best  faradic  apparatus. 

As  an  alleviator  of  pain  the  static  induction  curretit  possesses 
qualities  of  a  high  order.  It  seems  to  me  to  be  inferior  to  the  gal- 
vanic  current  in  this  respect,  and  yet  it  does  relieve  as  docs  the 
faradic  in  some  cases,  when  tlve  galvanic  has  failed.  Further  experi- 
ence with  the  static  irduce^"!.  however,  convinces  me  that  it  will,  on 
the  whole,  do  more  for  the  rclirf  of  pain  than  the  faradic.  It  is  well 
known  that  the  induced  currents  of  tension  arc  far  more  efficacious 
ia  relieving  {>clvic  pain  than  currents  of  ipianlily,  and  (he  static  in- 
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tluction  current  la  a  current  of  but  little  quantity  but  enormoutt 
tension. 

When  we  consider  that  its  voltage  nins  up  into  the  thousands,  it 
is  no  flifiicult  matter  to  accoril  10  it,  (les|iite  its  lack  of  (jtiantily, 
special  physiological  and  therapeutical  properties.  In  the  immense 
rapidity  of  its  interruptions  and  alternations  also  the  frankiinic  inter- 
rupted current  is  unique.  While  the  average  induction  coil  gives  but 
a  few  hundred  vibrations  per  second,  it  is  claimed  by  physicists  that 
the  oscillations  of  each  spark  of  the  static  current  amount  to  many 
millions  per  second,  and  that  the&e  sparks  follow  each  other  at  the 
rate  of  tvro  hundred  per  second. 

The  superiority,  then,  of  the  static  induced  current  over  the  faradtc 
in  relieving  pain  is  undoubtedly  to  be  ascribed,  first,  to  its  supe- 
rior tension ;  second,  to  the  inconceivable  rapidity  of  each  spark  oscil- 
lation amounting  to  many  millinnK  per  scctrnd. 

For  the  relief  of  the  dull  aching  pain  associated  with  so  many  of 
the  occupation  neiinMiCs,  and  especially  with  writer's  cramp,  I  have 
found  the  interrupted  frankiinic  current  to  be  especially  efficacious, 
and  in  any  form  of  pcri|ihcral  and  niuticiilar  paralysis,  its  more  ener- 
getic stimulus  to  nerve  and  muscle  renders  it  a  more  efficient  remedy 
than  the  ordinary  faradic  current. 

In  subacute  and  chronic  affections  of  the  joints,  in  lumbago  and 
muscular  rheumatism  generally,  and  in  some  cast's  of  sciatica,  this 
current  is  invariably  superior  to  the  faradic,  and  as  a  role  to  the  gal- 
vanic also. 

Valuable,  however,  as  is  frankiinic  electricity,  it  has.  on  the  whole, 
a  more  limited  range  of  usefulness  than  tlie  dj-namic.  He  who  be- 
gins with  franklinism  the  study  and  practice  of  medical  electricity, 
begins  at  the  wrong  end.  Let  him  first  master  dynamic  electricity, 
and  then  supplement  his  knowledge  and  experience  in  this  direction 
by  franVlinism.  The  diflfcrcntial  indication  for  the  use  of  galvanic, 
faradic,  and  frankiinic  electricity  may  well  demand  the  closest  scru- 
tiny, for  on  the  accuracy  with  which  we  estimate  these  indications, 
will  largely  depend  the  success  of  our  efforts. 
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CHAPTER  XIV. 


ELECTRIC   BATHS. 


A  METHOD  of  employing  electricity  that  has  long  teen  popuUi  imonc 
Che  laity,  tliough  it  U  not  yet  fuUy  introduced  into  science,  is  the  eUetrit 
Vath.  The  mcthiKls  uf  giving  electric  baths  are  various.  The  requi&itet 
arc  a  bathing  ttib  of  some  form,  partly  filled  with  water,  connivances 
for  sending  the  current — either  faradic  or  galvanic — through  llie  water  in 
which  the  patient  is  immersed.  An  electric  bath  can  be  exteinpurized 
in  any  ordinary  bath-tub.  The  patient  may  rest  his  feet  on  one  pole  In 
the  water  and  hold  the  other  pole  in  his  hand.  In  that  position  the 
body  of  the  patient  becomes  part  of  one  or  the  other  jkjIc,  and  the  cur- 
rent flows  through  him  from  one  pole  to  the  other,  just  as  it  would  if 
there  were  no  water  in  the  bath  ;  or  at  most  the  only  effect  of  the  walct 
is  to  thoroughly  saturate  the  part  of  the  body  in  contact  with  the  pole 
in  the  bath.  This  method  is,  of  course,  exceedingly  crude,  and  can 
scarcely  have  any  conceivable  advantage  over  a  similar  position  of  the 
poles  outside  of  the  bath,  and  yet  it  hAs  been  not  a  little  used. 

Mr.  Russell  uses  the  following  form  of  electric  bath.  The  tub  is 
of  the  orditLiry  shape,  but  the  metallic  connections  are  so  ntade  thai 
the  current  cannot  avoid  juissing  through  the  body  oftlic  patient.  One 
pole — a  broad  copper  platens  at  one  end  of  the  nib,  constituting  a 
pan  of  its  lining  surfaccj  and  the  other  pole — also  a  broad  metallic  plate 
— is  placed  at  the  other  end.  Both  plates  are  under  the  water.  At 
the  head  of  ihe  tub  a  board  is  placed,  at  a  little  di.'^tancc  from  the  |>oIe. 
This  board  has  in  it  a  slit  of  moderate  size.  Against  this  slit  rests  the 
back  of  the  patient,  while  his  feet  may  or  may  not  press  against  the 
copper  ])lalc  at  the  other  end  of  the  tub.  By  this  arrangement  the  cur- 
rent can  be  directed  through  the  back  of  the  patient,  and  from  the  back 
through  the  body  and  lower  limbs.  Indeed,  the  back  of  the  patient  6t« 
so  closely  and  snugly  into  the  slit  of  the  wooden  rest,  that  the  cufTCnl, 
if  it  pass  at  all,  must  go  through  the  body. 

In  regard  to  the  electro  conductibilily  of  the  bwly  as  cara|iarcd  with 
water,  we  have  already  spoken.  The  hmnan  body  is  comiK>sed  mostt) 
of  water,  holding  in  solution  %-arious  salts ;  it,  tlierefore,  conducts  bet 
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Cer  than  water  of  the  same  temperature ,  and  on  account  of  this  stiperioi 
conductivity  of  the  living  huntan  tissue  a  considerable  portion  of  etec* 
tricity  must  go  ihroiigh  the  body  whenever  it  lies  in  a  bath,  even  though 
it  does  not  touch  eitiier  pole.  That  the  body  conducts  better  than  the 
water  is  proved  by  this  experiment,  which  wc  have  often  made.  Place 
both  hnnds,  at  some  distance  a]>art,  ia  a  bath  through  which  a  current 
of  considerable  strength  is  running,  and  a  sensation  will  be  distinctly 
felt  in  them.  Bring  the  hands,  still  immersed,  very  close  to  each  other, 
and  the  sensation  will  be  much  diminished.  ^Vhen  the  hands  are  fax 
apart  a  considerable  portion  of  the  current  posses  through  the  body  from 
one  hand  to  the  other.  It  prefers  this  much  longer  and  roundalwul 
road  to  the  direct  path  through  the  water. 


Fic.  it4<. 
Elccbic  Il8th. 


In  the arrangcnjcnt  tnac  Russell  uses  (Kig.i  i4/r).if  the  patient  presses 
bis  feet  against  the  copper  plate  at  the  lower  end  of  the  tub,  his  body 
becomes  a  part  of  the  pole  that  is  attached  to  that  plate,  be  It  positive 
or  negative. 

Dr.  Justin  Hayes,  of  Chicago,  has  a  somewhat  different  form  of  eler- 
iric  bath.  In  the  sides  of  the  tub  and  near  the  bottom  are  a  number  of 
electrodes  connected  with  the  battery.  These  electrodes  arc  so  arranged 
that  ihe  current  can  be  sent  through  any  one  or  all  of  them,  and  thus  ht 
localized  tm  the  pnrt  that  spcci.illy  needs  treatment. 

This  mctliod  of  using  electrici^,  which  is  called  the  electro-thermal 
treatment,  is  carried  out  by  Dr.  A.  P.  Peck,  of  Chicago,  who  has  oh 
taincd  excellent  results  from  its  employment. 

The  study  of  the  comparative  practical  ailvantages  of  these  differen' 
forms  of  baths  is  of  course  beset  by  many  complications- 
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Effects  pf  tkt  Electric  Bath.— In  regard  lo  the  UieiL[ieuiic  effects 
of  the  electric  bath,  we  have  these  remarks  to  offer: 

1.  The  stimulating,  sedative,  and  tonic  effects  of  electricity  are  ob- 
tained more  or  less  by  all  forms  of  electric  baths ;  not  only  thoM 
where  the  current  is  localised  in  some  part  of  the  body,  but  those  when- 
it  is  generally  diffused  ivilhoiU  regard  lo  localisation  and  without  re 
gard  to  current  direction,  exert,  there  is  no  question,  more  or  less  tlie 
qiecial  and  distinctive  physiological  and  ihcra}>eutical  effects  of  elec- 
tricity. Those  forms  of  balJis  that  admit  of  localization  of  the  current 
seem  to  us  lo  be  far  more  scientific  and  rational  than  those  that  do 
not  admit  of  such  localization,  but  all  forms  are  capable  of  affecting  the 
system,  for  electricity  cannot  pass  through  the  body  without  doing 
more  or  less  good  or  evil. 

2.  The  question  wliether  electricity,  adininistered  in  any  of  the  fonns 
of  balhs  yet  ilcviscc!,  has  any  therapeutical  ailvanlage  o%'er  the  ordinary 
methods  of  using  electricity — as  localized  faradization  and  galvanization, 
general  faradization  and  central  galvanization — has  not  yet  been  estab- 
lished. Even  If  it  should  be  proved  that  in  certain  diseases  or  certain 
conditions  the  electric  baths  are  slightly  superior  to  ordinary  elcctrizap 
tion,  the  further  (juestion  would  still  arise  whether  this  advantage  is 
sufficient  to  compensate  for  the  longer  time  and  greater  labor  and  in- 
convenience of  the  baths.  The  (juestion  is  one  of  exceedini;  complexity 
— for  the  therapeutical  effect  of  the  water  is  combined  with  the  thcra- 
IKulic  effect  of  the  electricity,  and  to  eliminate  the  one  or  the  other 
is  no  easy  task.  Hnihusiastic  advocates  of  the  baths  sometimes  make 
the  same  mistakes  as  the  advocates  of  Franklinization,  ur  the  ufte  of  stati- 
cal electricity,  of  assuming  that  the  results  which  they  undeniably  obtain, 
&nd  which  are  sometimes  most  satisfactory,  could  not  just  as  well  have 
been  obtained  by  a  proper  use  of  clectdcily  in  some  of  the  ordiuar^' 
methods. 

It  is  claimed  tliat  tlie  baths  will  be  borne  by  temperaments  that  will 
not  bear  ordinary  electricity.  This  claim  may  possibly  be  just,  and 
yet  the  difficulty  of  demonstrating  it  is  very  great ;  for  those  who  take 
the  baths  and  are  benefited  by  thcni  may  most  hkcly  have  been  iin- 
properly  treated  by  the  other  methods,  and  thus  fall  into  the  delusion  that 
Ihe  baths  arc  /ter  se  more  bearable  than  ordinary  electrization. 

The  true  and  only  way  to  determine  this  question  is  for  those  who  are 

masters  in  electrology  to  try  the  baths,  side  by  sde  with  their  other 

methods  of  using  electricity  ;  just  as  they  try  the  two  currents  and  the 

different  methods  of  using  them  on  the  same  patients  and  on  diffcienl 

patients,  and  in  a  wide  variety  of  diseases.     Observations  of  this  kind, 
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to  be  of  real  valae,  mcst  be  not  otAj  nnmerous,  but  extended  over  a  long 
period. 

Ttic  question  whether  substances  can  be  introduced  into  the  body  or 
removed  from  it  by  electricity,  will  be  discussed  in  the  sccdon  co 
electro-wirgery. 

General  Rules  for  giving  Electric  Baths.-  A  n  the  u.«  of  electric  bathi 
trc  sliotiUl  be  guided  by  some  uf  the  same  general  prjnciiiles  llial  guide 
agio  the  use  of  electricity  by  other  methods.  The  temperament  of  the 
patient  should  he  studied,  and  in  the  length  and  s^trength  of  the  baths 
and  in  the  frequency  with  which  they  are  given  we  should  be  directed 
by  the  peculiarities  of  each  case. 

it  is  not  well  to  take  an  electric  bath  just  after  a  full  meal,  nor  ii  it 
usually  well  to  take  exhausting  exercise  imtuediately  af^er  a  baih,  espe- 
cially for  the  delicate  and  nervous.  The  temperature  of  the  water 
should  be  about  that  of  the  body,  and  may  range  between  95  and  105° 
Fahrenheit.  The  patient  may  remain  in  the  water  from  5  to  25  min* 
utes.  There  appears  to  be  no  danger  of  catching  cold  after  taking  an 
electric  bath,  even  when  the  water  is  quite  warm.  One  effect  of  the 
electricity  would  appear  to  be  to  give  lone  to  the  cutaneous  vessels,  sc 
thai  tiler:  is  less  liability  to  take  cold  than  after  a  simple  warm  bath. 


CHAPTER  XV. 

THE   DIFFERENT    PMVSIor.OOICAL   AND    THERAPEUTICAL    PROPERTfES   OP 
THE   INDUCED  CURRENTS  OF  ELECTRICITY, 

wim  swtciAt.  asPtRBNTK  to 
BIPOLAR    FARADIZATION. 

When  Duchenne  6rst  called  the  attention  nf  the  profession  to  his 
method  of  localized  electrization,  it  will  be  remembered  ttutt  he 
practically  cxdudcii  the  galvanic  current  from  consideration  and  con- 
fincii  his  ex]>criments  almost  entirely  to  the  fajadic.  Reaiak,  on 
the  contrary,  and  niany  uf  his  followers,  advocated  the  galvanic  cur- 
Tent  mainly,  and  for  a  time  a  Tierce  and  unreasonable  controversy 
was  carried  on  between  tbc  two.  In  the  ligtu  of  our  present  knowl- 
edge of  the  different  forms  cjf  electricity,  it  would  appear  little  less 
than  childish  to  champion  one  form  to  the  exclusion  of  the  others, 
since  there  are  few  diseases  for  which  electricity  is  indicates)  where 
cither  current  might  not.  under  varying  conditions,  prove  of  service, 
and  few  methods  of  application  where  both  currents  may  not  be 
utili;£ed.  There  is  one  method,  however — the  bipolar — which  seems 
to  be  a  special  field  for  the  faradic  current. 

By  bipolar  faradization  (Fig.  1J7)  is  meant  the  localization  of  the 
faradic  current  by  means  of  a  single  electrode,  and  the  methoii  is 
confined  for  the  most  part  to  internal  treatment.  /'.*■..  to  the  treatment 
of  the  vagina,  the  uterus,  the  rectum,  and  the  bladder.  In  order, 
however,  to  any  satisfactory  appreciation  of  this  subject,  it  will  be 
necessary  to  consider  a  number  of  facts  in  regard  to  the  physical  and 
physiological  action  of  the  induction  coils,  some  of  which  appear  to 
be  a  veritable  ferra  incognita^  even  to  those  who  make  much  use  of 
electricity  in  medicine.  It  seems  hardly  necessary  to  state  the  sim- 
ple fact,  that  moat  induction  apparatuses  arc  composed  of  two  dis- 
tinct and  separate  coils,  one  of  which,  called  the  primary,  \%  made  of 
thick  and  comparatively  short  wire,  while  the  other  and  outer  coil 
consists  of  wire  that  is  thin  and  vcr)-  long.  Every  posscs-sor  of  a 
faradic  battery  appreciates  also  that  there  is  a  great  diflcreocc  in  the 


BIPOLAR  FARADIZATION. 


413 


character  of  ihe  current  proceeding  from  these  coils.  From  the  pri- 
maiy  coil,  as  the  electrodes  arc  held  in  the  hand,  or  placed  on  any 
portion  o(  the  external  surface  of  the  body,  llie  current  seems  com- 
paratively mild  and  inefficient,  while  the  current  from  the  secondary 
coil  acts  with  far  greater  vigor.  It  not  only  more  vigorously  contracts 
rausclc,  but  excites  the  cutaneous  sensibility  more  acutely  and  the 
retina  more  vividly  lliaji  the  current  from  the  primary  coil.  Apply, 
however,  this  current  (primary  coil)  directly  to  the  bladder,  the  rec- 
tum, the  vatjina,  and  especially  to  the  involuntary  muscular  fibres  of 
the  uterus,  and  a  vcr>-  remarkable  and  interesting  change  is  oliscrved. 
It  will  be  found  tltat  the  current  from  the  6rst  helix  acts  with  aston- 
ishing and  moat  unexpected  vigor  on  both  sensory  and  motor  parts. 
We  are  accustomed  to  say  that  tlie  long  thin  wire  yields  a  current  of 
tension,  and  the  short  thick  wire  a  current  of  quantity,  and  the  more 
vigorous  action  of  the  ttecond  helix,  when  application  is  made  exter- 
nally, is  commonly  atiribittcd  to  its  su|)crior  tension;  but  the  imme- 
diate and  astounding  change  in  the  physiological  effects  of  the  two 
currents  when  applied  directly  to  tlie  internal  organs  of  the  body  can- 
not be  altogether  explained  in  this  way.  Studying  the  phenomena 
of  induction  as  produced  by  the  initial  voltaic  current  .ilonc,  without 
the  intervention  of  magnetic  force,  Duchenne  long  ago  conclusively 
proved  that  the  difference  in  the  length  and  thickness  of  the  wires  of 
the  two  helices  did  not  alone  explain  the  different  action  of  the  two 
I  currents  on  the  sunsibility.* 

We  may  say  that  the  currents  have  elective  properties,  or  proper- 
ties special  to  each,  but  the  reciprocal  rclaiians  between  Ihe  nervous 
system  and  the  action  of  electricity  arc  not  yet  sufficiently  under- 
stood to  offer  a  satisfactory  explanation  of  the  interesting  fact  that 
in  external  local  faradization  the  current  of  tension  is  the  most  effec- 
tive, both  as  to  objective  and  subjective  symptoms,  while  in  internal 
IocaI  faradization  the  so-called  current  of  quantity  acts  most  vigor- 
ously. 

If  instead  of  using  the  unipolar  method— one  pole  internally  and 
the  other  externally — we  use  a  bipolar  electrode,  and  in  ihis  way  treat 
■the  vagina,  the  uterus  or  the  rectum,  the  current  from  the  first  helix 
irjU  act  with  greatly  increased  vigor,  an  increase  that  canaot  be  iilto- 
gether  accounted  for  by  the  decreased  resistance  that  is  necessaiily 
offered. 

Althniigh  around  the  primary  coil  of  an  ordinary  induction  appa- 
*  "  I.ocalii«d  Klectriufion,"  p.  39. 
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ratus  extra  and  distinct  coils  of  finer  wire  up  to  the  number  of  nine 
can  be  wound,  the  current  from  each  successive  coil  becomes  weaker 
and  weaker,  and  experience  has  shown  thai  for  all  practical  purpo&es 
there  is  need  for  but  two  helices,  or  at  most  ihree,  that  yield  the 
primary  and  secondary  induced  currents.  This  apparatus  we  term 
the  separate  coil  apparatus,  to  distinguish  it  from  another  combina- 
tion of  helices,  termed  the  continuous  coil,  and  it  is  Uie  rurrent  from 
these  tvo  distinct  coils  of  the  separate-coil  apparatus  to  which  refer- 
ence is  always  made  in  the  consideration  of  bipolar  faradization. 
Reference  is  here  made,  however,  to  bipolar  faradization  in  connection 
only  with  the  continuous  coil  helix,  the  efficiency  of  which  over  the 
other  form  is  very  great.  While  in  the  ordinary  scparatc*coil  machine 
with  which  Duclienne  carried  on  his  original  series  of  e\pcrimenl!t, 
and  with  which  Apostoli  and  others  practise  the  bipolar  mcthotl,  wc 
are  limited  to  two  or  three  currents  — the  )irimary  induced  and  tlie 
Kcondary  pure  induced — wc  obtain  from  the  continuous  a|)paratus 
many  distinct  manifeslatious  of  the  imluciion  current,  four  of  which 
at  least,  differ  so  widely  in  their  physical,  physiological,  and  thera- 
peutical properties  as  to  render  it  a  matter  of  the  utmost  importance 
that  we  appreciate  the  fact  that  these  airrents  cannot  be  applied  in- 
differently in  practice.* 

Indeed,  let  one  become  but  once  convinced  by  pergonal  experi- 
ment of  the  striking  ditfercnce  in  the  action  of  these  four  qualities 
of  current  on  ner\-i;  and  muscle,  and  he  will  hardly  need  the  demon- 
stration of  clinical  experience  to  convince  him  of  their  different 
therapeutical  proi>eriies.  Tiie  current  from  the  primary,  or  first  in- 
duction coil  of  the  conlinuouS'Coil  apparatus  corresponds  very  closely 
with  the  current  from  the  primary  coil  of  the  separate  or  double-coil 
apparatus.  The  wire  is  short  and  thick,  offering  very  little  resistance 
to  the  passage  of  eleciricity  and  so  gives  forth  a  current  of  little  ten- 
sion but  large  quantity,  so  called.  When  apjilicd  externally  its 
appreciable  influence  is  very  slight.  Its  tension  is  so  low  that  it 
overcomes  with  exceeding  difficulty  the  resistance  of  the  skin  that 
must  be  encountered  in  all  cxiern.Tl  applications.  Its  reflex  as  well 
as  (iircrt  inlliicncc  is  therefore  very  slight,  and  it  only  moilcraleljr 
excites  cutaneous  sensibility. 

It  acts  with  considerable  chemical  power,  readily  burning  steel  or 
iron,  as  manifested  by  the  bright  deflagrating  spark  given  forth.  It 
will  electroplate  and  etectrolyze  to  a  degree  not  attainable  with  ibe 

'foramoretniniiledcscriptioDof  thesepiBnleanilcoatiououBo>il5  9ccpa){c  301, 
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Other  induction  coils  either  alone  or  in  combination.  The  important 
practical  point,  hott'ever,  in  connection  with  this  current,  is  the  extra- 
ordinary increase  in  energy  that  is  manifested  when  application  is 
maile  to  parts  within  the  bo<ly.  When  appUed  to  the  rectum,  the 
vaj^ina,  or  the  uterus,  not  only  are  the  contract  ons  pronounced,  by  a 
streogtii  of  current  insufticicnt  to  produce  any  observable  cSFect  when 
applied  externally,  but  may  eo&ily  be  made  exceedingly  painful.  It 
may  Ik  here  remarked  that  the  testes  also  are  far  more  acutely  sensi- 
tive to  tills  current  than  to  tlic  currents  of  pure  induction. 

Far  more  severe  in  its  influence,  however,  is  the  Kecond  cnrrent 
of  the  series — that  proceeding  from  the  primary  and  second  coils  of 
the  combination.  Externally  applied  it  h  comparatively  weak,  al- 
though far  stronger  than  the  other;  but  when  applied  by  the  bipolar 
method  to  the  uterus  or  vagina,  its  extraordinary  action  on  motor 
and  sensory  parts  will  hardly  be  credited  without  actual  demonstra- 
tion of  the  fact.  It  is  the  easiest  thing  in  the  world  to  deniuiistraie 
this  (act  unwittingly,  to  the  injury  of  the  patient  and  10  the  operator's 
mortification.  This  is  what  may  very  readily  occur.  An  inlra- 
vaginal  or  intra-uterine  application  is  lieing  made  with  the  current  of 
tension.  The  patient  complains  of  an  uncomfortable  sensation, 
which  may  or  may  not  be  due  to  the  acti  n  of  the  current,  and  you 
shift  the  slide  so  as  to  exchange  the  current  of  great  for  one  of  lesser 
tension,  which,  according  to  ail  the  experiences  of  external  applica* 
tion,  is  infinitely  weaker.  Instantly  a  shock  is  occasioned,  associated 
with  the  acutest  pain  and  the  most  rigid  contractions,  that  astonishes 
yourself  and  terrifies  your  palieiil,  a  mishap  whir.]t  I  h.ive  known  in 
more  than  one  instance  to  excite  neuralgia  and  other  severe  nervous 
symptoms  of  a  distressing  and  more  or  less  permanent  character. 

The  advantages  of  these  first  two  currents  of  the  scries  over  the 
last  two,  prcseiiily  to  be  described,  lies  abnost  wholly  in  the  effects 
of  their  internal  application,  and  especially  by  (he  bipolar  method. 
Both  cui  rents,  aii<l  especially  the  current  from  the  combination  of 
the  primary  and  second  induction  coils,  act  as  powerful  muscular 
tonics  when  applied  internally,  and  are  cajuible  of  exciting  contrac- 
tions of  the  involtmtary  muscular  fibres  of  the  iilenis  of  every  decree 
of  seventy.  For  this  reason  it  is  ifivaluable  in  cases  of  post-partum 
hemorrhage,  and  miisl,  it  seem.s  to  me.  prove  far  superior  to  ergot  for 
its  suppression,  since  it  acts  instantaneously,  and  with  a  force  just 
sufficient  to  accomplish  the  object  desired. 

Id  the  ordinary  form  of  subinvolution  the  current  from  the  pri- 
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mary  and  second  induction  caii  is  invaluable.  Bipolar  intra-uteriae 
applications  persistently  repeated,  and  with  a  strength  no  greater 
than  can  l>e  readily  borne  by  the  paiieiit,  will  afford  results  so  grati- 
fying that  no  one  who  has  once  had  e\]>erience  in  the  method  will 
wish  to  treat  a  case  of  subinvolution  without  its  aid.  In  regard  to 
the  action  of  the  primary  induction  coil,  in  its  external  a|>plication,  1 
have,  I  am  confident,  observed  ccruin  effects  wonhy  of  ciution. 

Some  cases  of  hy]>erxstliesia  of  the  scalp  and  face,  and  not  a  few 
cases  of  pain  of  a  true  neuralgic  type  and  superficial  in  character, 
are  more  reathly  relieved  by  liiis  current  tlian  by  any  proceeding  from 
the  pure  induction  coils  unassociated  with  the  Lattery  influence. 

It  is  a  difficult  thing  to  explain  many  of  the  phenomena  of  elec 
trophysics.  We  can  state  them  and  utilize  them,  and  so  render  them 
of  immense  scr\'irc  in  the  arts  and  sciences.  Manyof  the  phenomena 
of  electricity  as  related  to  jjliysiology  are  equally  unexplainablc.  but 
none  the  less  do  wc  uiiliie  them  in  therapeutics.  Why  the  current 
from  the  primary  induclion  coil  should  manifest  a  superiority  as  stated 
above,  it  is  impossible  to  say  withoui  wc  ascribe  it  to  that  combina- 
tion of  the  battery  and  inductive  influence  which  it  possesses  in  such 
perfection.  The  third  current  of  the  series — that  proceeding  from 
the  primary  and  the  second  and  third  induction  coils — is  of  unique 
quality  so  far  as  relates  to  its  effects  when  applied  externally.  Like 
the  primary  coil  it  will  electroplate,  but  unlike  it,  it  will  not  bum 
steel  or  iron.  The  peculiarity  of  this  combination  of  the  coils  is  that 
the  maximum  of  power  to  contr.tct  the  muscular  tissue  when  the  ap- 
plication is  made  through  the  medium  of  the  skin  is  here  obtained. 
Each  nililiiional  cnil  that  is  now  attached  simply  gives  a  decreasing 
contractile  power.  Why  the  maximum  <if  current-strength  is  reached 
in  the  combination  of  the  primary  with  ihc  second  and  third  indue- 
tion  coils  it  is  difficult  to  say,  excepting  as  we  ascribe  it  to  the  law  of 
harmony  or  polarization  that  is  brought  about  by  properly  condition- 
ing the  magnetic  centre  of  the  helix,  the  several  coils  composing  the 
helix,  and  the  battery  influence  acting  upon  the  coils.  This  current, 
possessing  less  qisantity,  but  far  greater  tension  than  the  two  preced- 
ing Already  considered,  exerts  by  no  means  the  same  influence  over 
the  contractions  and  sensibility'  of  the  vagina,  uterus,  rectum,  or 
bladder:  b'lt  its  energy  of  action  in  this  direction  is  greatly  superior 
to  the  fourth  current  uf  the  series  next  to  be  described.  To  em- 
phasize the  advantages  in  bipolar  faradization  of  this  combination  of 
helices  over  the  separate  form,  mark  the  distinct  and  varied  effects 
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obtained  from  the  first  named.  The  current  from  tlie  primary  coti, 
aJthough  very  weak  when  a|)pticd  externally,  exerts  very  po&itive 
effects  upon  both  the  sensory  and  motor  ner^'es  wlien  applied  inter- 
nally. From  the  primary  and  second  induction  coil  we  obtain  a  cur- 
rent the  effects  of  wliich  are  tenfold  greater,  and  the  utmost  caution 
is  called  for  in  its  application.  Adding  the  third  induction  coil,  the 
application  still  being  internal,  the  sensory  and  motor  eSects  are  yet 
marked,  although  far  Ickh  severe  than  the  current  from  the  precedinif 
coils,  but  greatly  in  excess  of  the  fourth  and  last  current  of  the  sc- 
ries. This  current,  for  tiic  production  o(  which  all  four  culls  are 
necessary,  is  in  tnany  respects  the  most  imporrant,  and  has  a  range 
of  usefulness  wider  than  the  utliers.  Its  action  is  pre-eminently  tonic 
and  sedative. 

The  currenls  from  the  two  preceiiing  combinations  of  coils  are 
exceedingly  harsh,  and  so  keen  and  cutting  in  character  as  to  be  ab- 
solutely painful  if  carelessly  adaiinislered.  This  current,  on  the  con- 
trary, is  always  agreeable,  or  at  least  not  painful,  even  when  admin- 
istered to  the  point  of  endurance. 

'Ihcrefore  in  the  operation  of  general  faradization,  when  we  desire 
to  obtain  the  best  conslilutional  tunic  effects  that  electricity  is  capa- 
ble of  giving,  wc  resort  10  this  combination  of  the  coils.  While  we 
cannot  satisfactorily  explain  all  the  complex  action  of  electricity  on 
the  tissues  as  it  influences  animal  nutrition.,  the  same  may  be  said  of 
Uic  action  of  almost  every  other  remedy.  \Vho  can  explain  why 
arsenic  feetls  the  nervous  system,  why  quinine  breaks  an  attack  of 
chills  anJ  fever,  or  how  opium  produces  slccj)  and  relieves  jain,  and 
who  has  entcrrcJ  into  the  mysteries  of  anKSlhesia?  Electricity  in 
passing  through  the  body  modifies  the  nameless  and  mirabcrless  phe- 
nomena every  moment  going  on  in  the  living  tissue,  and  as  a  resultant 
of  its  complex  pb>'sical,  chcmica',  and  physiological  action  there  is 
imjiroved  nutrition  and  increased  development  and  growth. 

For  the  production  of  such  effects  experience  amply  testifies  to 
the  superiority  of  the  current  under  consideration  to  any  of  tlie 
others.  Fur  the  relief,  therefore,  of  that  great  army  of  symptoms 
that  arc  so  familiar  and  perplexing  to  those  who  have  much  to  do 
with  neuia.<;thenic  cases,  there  is  nothing  to  be  compared  witli  it. 
F.ven  the  galvanic  current,  by  the  method  of  central  galvanization,  so 
important  in  Its  direct  effects  upon  the  central  ner\xus  system,  fails 
short  of  the  therapeutic  results  that  foHuw  through  applicitions  of 
general  faradization. 
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When  persistent  failure  follows  endeavors  along  thij  line  of  elec- 
tnzalion,  tlie  cause  of  failure  must  be  attributed  to  hasty  and  faulty 
methods  of  administration.  Even  more  marked  is  the  difference  in 
the  action  of  this  current  of  tension  and  the  current  of  quantity  in 
bif>oIar  faradization  of  the  rectum,  vagina,  and  uterus.  Its  coinpan- 
tively  mild  action  on  the  motor  and  sensory  nerves,  coupled  with  its 
great  power  of  overcoming  resistance,  render  it,  par  exceilftuiy  the 
current  for  the  relief  of  pain. 

It  is  no  exaggeration  to  say  that  in  many  cases  of  jwiin  associated 
with  uterine  disorder  it  acts  with  almost  magical  effect.  Herein  lies 
the  remark ableness  of  the  phenomena  associated  with  the  action  of 
the  different  inilurtioti  currents — tlie  ajiparently  elective  properties 
residing  in  thc:ii,  for,  as  indicated  before,  the  difference  in  mere  ten- 
sion and  ({uantity  fails  to  offer  an  altogether  satisfactory  explanation. 

While  the  currents  from  the  first  two  coils  act  but  feebly  when 
applied  externally,  but  with  astonishing  vigor  when  applied  internally, 
the  current  of  tension  from  the  who)c  combination  of  coils  acts  with 
a  vigor  that  is  felt  through  all  portions  of  the  system  when  applied 
externally,  yet  when  applied  to  the  uterus  through  a  bipolar  electrode 
its  action  is  but  slightly  felt,  and  is  without  disagreeable  sensation. 
So  tolerant,  indeed,  are  the  internal  muscular  organs  of  the  body  to 
the  induced  currents  of  tension  that  it  is  frequently  a  (piestion  of 
how  to  obtain  a  current  of  sufficient  power  from  the  bitieries  in  or- 
dinary use.  IJatleries  that  have  been  lung  in  use  and  that  are  illy 
kept,  while  perhaps  yielding  a  current  of  tension  of  sufficient  strength 
for  localized  applications  externally,  are  inhuflicieDt  for  bipolar  appli* 
cations.  Even  if  at  first  the  cuireni  is  apprcciabl  ,■  felt  in  the  uterus, 
the  sensitiveness  soon  subsides  although  its  strenitth  may  have  been 
ver>'  much  increased,  and  both  physician  and  patient  may  be  in 
doubt  as  to  whether  the  current  is  being  received  at  all. 

This  phenomenon  becomes  prominently  apparent  in  hysterical 
cases  with  which  is  associated  excessive  hyperiesthesia  of  the  abdo- 
men, and  it  ha;;  been  no  uncommon  thing  in  my  ob.'tervation  to  treat 
wumen  with  the  current  of  tension  for  the  relief  of  the  most  acute 
Surface  abilominal  hy)»craesthesifle,  and  at  the  close  of  a  single  s/afue 
to  find  the  abdomen  insusceptible  to  any  ordlt^ary  manipulation.  Far 
different  is  it  with  the  current  of  quantity.  Tolerance  is  not  estab- 
lished, and  what  is  painftd  in  the  beginning  continues  more  or  less 
painful  throughout  the  treatment,  and  it  frequently  becomes  neces- 
sary' to  decrease  rather  than  to  increase  the  current  strength.     To 
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avoid  the  diaagrceabie  shock,  of  which  the  patient  invariably  com- 
pljiins  even  when  beginning  the  application  with  the  minimum  of  cur- 
rent strength,  a  rheostat  should  be  intercalated. 

The  main  points  that  have  been  considered  are  these: 

1.  From  the  <:utitinuous-coil  apparatus,  owinjj  to  its  combination 
of  helices,  the  wires  o(  which  differ  in  thickness  and  length,  proceed 
four  qualities  of  current  that  vary  in  a  most  remarkable  degree  in  all 
the  properties  of  eleciriciiy— physical,  physiological,  and  therapeutical. 

2.  That  the  variation  is  observed  most  markedly  when  applica- 
tions are  made  internally  to  the  vagina,  uterus,  rectum,  or  bladder, 
by  the  bipolar  method. 

3.  From  ihe  primary  or  first  induction  coil  we  obtain  a  current  of 
quantity  that  is  barely  perceptible  externally,  but  internally,  and 
especially  by  the  bijwlar  method,  acts  with  greatly  increased  efficiency. 

4.  From  the  combination  of  the  primary  and  strcondary  induction 
coils  we  obtain  a  current  of  greater  tension,  but  which  still  acts 
mildly  when  applied  externally.  Applied  internally,  however,  its 
effects  are  far  greater  than  the  first  coil,  both  in  exciting  the  senn- 
biiity  and  contractility,  and  tiic  utmost  caution  nmst  be  exercised  in 
its  use.  In  the  same  degree,  also,  it  acts  upon  the  vagina,  rectum, 
bladder,  aiul  tciite^  'I'iiis  current  is  especially  applicable  in  the 
treatment  ot  enlargements  of  the  uterus  due  to  subinvoluton,  but  is 
of  little  or  no  value  when  the  enlargement  is  due  to  fibrous  tissue. 
It  is  of  especial  value  in  post-|>artiini  hemorrhage,  and  from  its  fKjwer 
to  excite  the  sensibility  and  contractility  of  the  bladder  and  rectum 
it  may  be  used  with  good  effect  when  these  organs  are  ana:sthctic  or 
suffer  from  diminished  or  lost  contractility. 

5.  From  a  combination  of  the  6rst,  second,  and  third  induction 
coils  we  obtain  the  maximum  of  power  to  excite  both  sensibility  and 
contractility  on  the  external  surface  of  the  body,  each  additional  coil 
simply  giving  a  decreasing   power  over  sensation  and  contraction. 

-Applied  internally,  however,  it  acts  far  less  powerfully  than  either  of 
*^thc  two  previously  named  currents;  but  in  the  ordinary  forms  of  par- 
alysis of  voluntary  muscles  it  will  more  readily  call  forth  contractions 
than  the  current  from  any  other  combination  of  coils. 

6.  From  the  first,  second,  third,  and  fourth  induction  roils  com- 
bined, a  current  is  obtained,  differing  from  and  superior  to  all  the 
others  in  its  sedative  and  general!  tonic  effect  upon  the  system  at 
large.  It  neither  acts  upon  the  sensibility  nor  muscular  contractility 
when  applied  externally  as  does  the  third  current  of  the  series^  uot 
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with  a  tenth  or  even  a  twentieth  part  of  the  acuteness  when  applied 
internally,  that  characterizes  the  second  current  of  the  series.  For 
the  purposes  of  general  faradization,  however,  it  is  the  only  proper 
current  to  use,  and  for  applications  to  the  vagina  and  uterus,  for  the 
relief  of  many  forms  of  pain,  it  possesses  properties  that  are  in- 
valuable. 


CHAPTER  XVI. 


HYSTERIA   AMD   ALLIED   ArPBCTtONS. 


Under  this  head  we  include  hysteria,  in  the  ordinary  sense  of  that 
term ;  neurasthenia,  or  nervous  exhaustion ;  hypochondriasis  and  mel- 
ancholia ;  siiinal  irritation,  with  the  maniibld  symptoms  with  whid'.  it 
is  associated ;  insomnia  ;  and  astraphobta,  or  fear  of  lightning. 

We  give  hysteria  and  aUied  afTcctions  a  prominent  position  in  the 
clinical  portion  of  this  work,  because  it  is  a  class  of  diseases  for  which 
electrical  treatment  is  especially  adapted,  and  in  which  its  success  is 
most  remaikable.  This  fact  is  not  generally  appreciated,  for  the  reason 
that  the  profession  have  looked  upon  electricity  as  a  stimulant  merely, 
and  have  not  fully  recognized  its  sedative  and  tonic  properties,  and 
hence  have  confined  their  attention  largely  to  paralysis,  as  the  one  dis- 
ease above  all  others  to  be  treated  by  this  agent. 

Eieetro-diasnesis. — Usually,  though  not  necessarily,  there  is  exces 
live  sensitiveness  to  the  electric  current  in  all  parts  of  the  body.  Pa- 
tienbt  sometimes  can  bear  only  the  mildest  currents.  In  some  cases 
even  a  mild  current  will  not  be  borne  on  the  middle  of  the  back,  which, 
in  health,  is  usually  so  little  sensitive.  Reflex  sensations  may  be  ob- 
served during  electrization  of  hysterical  patients.  Irritation  of  the  dis- 
eased side  of  the  body  may  be  sensitively  felt  in  the  healthy  side. 
Sometimes  thert  is  capacity  for  bearing  very  strong  atrratts  without 
injury,  ti-en  when  there  is  great  hyperesthesia.  The  electro-diagnosis 
of  hysterical  paralysis  will  be  presented  under  that  disease. 

Treatment. — Hysteria  is  a  constitutional  disease,  and  demands  con- 
stitutional treatment.  To  attempt  to  chase  after  and  direct  the  appli* 
cation  of  electricity  to  each  special  symptom  as  it  appears,  ts  unphilo- 
sophical  and  usually  unsuccessful.  General  faradization  and  central 
galvanization  are  methods  of  electrization  that  are  indicated  for  hystcrix 
Under  whatever  symptoms  it  may  be  developed,  our  chief  and  best 
results  have  been  obtained  by  these  methods.  This  general  treatment 
docs  not,  of  course,  dispense  with  locilizcd  electrization  of  paralyzed 
muscles,  or  speci.il  attenrion  to  any  localities  where  tht  d\»&&«  *•* 
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for  the  lime  directed.  Diseases  of  the  sexual  organs,  hysterical  hie 
cough  or  cough,  aphonia,  or  incontinence  of  urine,  may  somctimet 
necil  localized  electrization  ;  but  these  syniiitonis  frc(|ueiilly  yield  undei 
general  faradization  or  central  galvamiation,  even  when  no  special 
attention  is  given  to  the  diseased  parts.  Jn  nearly  all  cases,  except, 
pethaps,  longstanding  paralysis,  it  is  much  better  to  d)S)>ense  n-ith  the 
local  than  the  geiteral  treat;nf:nL  There  are  cases,  however,  in  mlilcll 
the  symptoms  uf  rigid  contracttuns  of  certain  muscles  arc  most  (lersislcnl 
and  painful  in  character.  In  such  conditions  of  the  affected  musclei 
galvanization  should  never  be  omitted.  Jn  cases  of  extreme  hyper- 
lesihesia  it  may  be  necessary-,  as  Benedikt  advises,  to  place  the  patient 
under  the  inthience  of  an  anesthetic  while  the  application  is  made. 
Strong  currents  do  not  appear  to  be  injurious  in  such  cases. 

Prognosis. — The  behavior  of  hysteria  under  electrization  is  as  ca,pri' 
cious  and  inconsistent  as  are  its  symptoms.  Some  cases  yield  to  gen- 
eral electrization  with  wonderful  rapidity  \  others,  apparently  no  worse, 
are  singularly  obstinate.  On  the  avrragt-,  the  prognosis  is  so  favorable 
that  no  case  should  be  abandoned  n-ichout  a  fair  trial  of  this  method  of 
trealmeut.  Under  peripheral  electrisation  the  results  are  usually  uo- 
satisfactory,  since  the  relief  of  the  local  symptom  is  by  no  means  a  ctire 
of  the  morbid  constitutional  condition. 


VioUmt  kyttfrUal  t^mflomn  4ef>eH4tnt  vn  luffrttsed  mefntrunlhn  alleviotf^  ty  rtw 
tiantet  of  gfiteral /ttraditaiian  and  leraliud gah'amtalivn. 

Cask  I> —  A  mort  violent  aniJ  pcrsL»trn(  case  of  hykteHa,  in  the  prnoo  of  a  married 
Uily,  flged  40,  came  iiniler  our  obwrvaticMi  through  tl)e  kindneu  of  I)r.  Oliver  White. 
The  patieiit  was  in  beO,  lulferiiig  rrom  violent  poroxpms  of  aitemate  vrecjitnc  and 
KTe:inUng  The  hanrln  and  fMt  were  cold,  ihe  pulv  feeble,  and  the  pun  in  the  heiul 
M-as  cuiatani,  and  uf  l)ie  mott  Kverc  cliaiacler. 

Ttieu  cymptomt  had  continueil  fi>r  nearly  forty-d)>hl  houn,  and  In  order  (o  arert 
teriova  conKquences  it  seemed  as  if  in  Mine  way  relief  niuf't  soon  )>e  afiorxled.  TIk 
menMntal  period  was  delayed  ncaily  two  vreelc<,  anil  to  this  circumstance  it  w« 
poioible,  in  ^t,  lo  aitnbuie  the  attack.  The  patient  wits  Kubmitied  to  thorough 
general  foradiEattnn,  anfl  Immediately  alter  ■  |;a]vaRlr;  current  from  dj^ht  cclla  was 
as  nearly  as  |v)Mihle  locaUied  jti  the  uterus  These  eflforis  were  followed  by  decided 
alleviation  of  the  symptom;.,  and  a  tolerably  quiet  night  woe  the  result.  The  mcnm, 
t]owe<rc(,  <lic|  not  appear,  and  on  the  following  night  we  pivc  again  the  same  trot- 
meni,  ilightly  increasing  the  lennon  of  the  galvanic  current,  before  momin];  mof 
itruaiiun  ticcune  manJfcM,  and  (here  waj  no  further  evidence  of  nenroos  distorts- 
anc*. 

Nearly  a  year  suliKquently  this  patient  experienced  another  attack  of  like  charao> 
Itf,  and  Mibdantially  the  lamc  treatment  again  relitved  bcf  ooupleldy  within  fort^ 
c^l  iioon 
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ffyiteria  0/  ent  jTfar'  -■  statJing  in  a  marrifj  la^, /clicking  fiarturitwn  ;  ttraitg 
mmi ittdffimtt  seHStUiant  in  tht  legs ;  titkting^  crawling,  fitifiting,  waving,  hat 
img,  f^nn<fing,  Aeaviiig,  railing ttntatisni  mtr  ita-t  ant  My ;  imaginary rvtU 
lag  of  tki  ^odf ;  Jiti  b/  wfffiing  and  great  dtipondtnty — Hapiti  and  dttiJ-m 
iuiprovfmtnt  under  cenlrai  gaivanitation  v>iik  strong  enrrertti,  after  fatlttre  of 
goteral  faraditation — Cod-tiver-oit  rmnltion  and  eeunler-irritttion  uitd  at  tht 
tame  lim*. 


I 

m 
I 

I 
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Case  II. — Mrs.  B.,  a  married  lady,  wit'i  two  children,  w»x  referred  lo  m  bf 
I>r.  John  T.  Conltling,  of  Rrooklyn. 

T?ie  patient,  though  a  lady  of  tiiiutiial  intdlit'CDce  and  ^rcat  slrengib  of  will,  lud 
(ur  nmly  a  jcar  been  a  viclim  to  many  of  Uie  worst  «)nnp*oni»  of  hj>iteria.  The 
lymptomt  iip|)earc(l  ten  dnyt  after  the  l>ir(h  of  her  second  child ;  up  to  that  time  her 
health  had  been  almott  perfect.  She  came  from  n  family  in  whom  there  was  some 
tendency  la  consumpl ion,  and  she  had  lost  two  sistcra  1>y  (hat  diwase.  A  thort  lime 
hefure  the  birth  of  her  second  child,  she  had  fallen  down  Maire  and  had  struck  on  the 
bock  of  her  head.  The  query  aro«  whclhcr  iliat  might  rot  have  had  tomethiiig  to 
do  with  her  dJsente.  The  ^ytnpiom^  came  on  in  the  tii^ht,  and  quite  nuldenty.  She 
Itccame  e»ce*u»ely  nerrou*.  almost  wild,  and  (he  plij-i-ician  »a»  »cnl  for  and  mMXCeded 
in  calming  her ;  then  folhiwcii  a  long  catalogue  of  woc&  On  ihc  lop  of  the  licad 
wu  a  condani  icensation  of  ihiking  or  agitation,  or  thrilling,  as  »he  dc<icnl>ed  il,  and 
heaving,  rolling,  l>estiii{',  waving,  pounding  Mnutiotis  were  felt  in  ihe  hc-id  and  otcr 
the  bo<ly.  There  had  l»eeti  many  attacki  of  wiping ;  at  all  lime*,  though  ralurally 
hnpeful,  the  was  ciu.t  down,  ami  imagined  slie  did  not  love  at  she  iJioiild  ono  of  her 
children.     The  general  nutrition,  at  umat  in  nich  nuci,  was  well  maintained. 

The  patient  had  tried,  wttli  great  Lhoroughnc*,  general  faradiiaiion  but  trilhuat 
;nbiiantUl  service. 

Wc  used  on  her  mainly  teutrai galvartitatian,  combined  with  tJic  lue  of  cod-livef- 
All  emulaon,  arul  mild  countcr-irriiailon  over  the  tender  vertebne. 

The  patienl,  with  all  her  ncrvoutncss,  bore  the  gnh^anie  turrmt  in  enamtoitt 
dates:  ti  teemed  lo  be  im[>o«i1i]e  to  injure  her  by  ovcr^elcciriKaiion.  Wcionn  found 
thai  the  >lrongcr  the  airrent?^  and  the  lunger  the appiicalions,  the  greater  Ihebcncfil. 
Kven  lliroitgh  the  hratn  Mrong  current*,  nowr  and  then  interriiplcd,  dW!  no  harm. 
She  »oon  began  lo  improve,  and  coMinueil  to  improve  not  otily  during  the  three 
months  of  ireatmenl,  hut  ntMequenily,  and  ther*  was  In  thli  Impcovement  a  coii«id- 
etablc  degree  of  permanency. 


Iti  the  above  case  there  were  facts  of  great  interest.  First,  the  er- 
Uaordinary  tolerance  in  a  highly  nervous  patient  of  the  galvanic  ctLr> 
rent ;  and  secondly,  the  snpreiiie  advantage  of  central  gaUinization 
over  general  faradization  in  severe  functional  diseases  of  the  central 
nervous  syslein. 

Hy!^i(?ririil  and  analogous  symptoms  are  both  associated  with  and 
dependent  upon  rccogniiable  tiieritie  disorders,  but  in  many  cases,  while 
tttcKc  symptoiiis  may  lie  associated  with  and  aggravated  by  such  diior* 
den,  tlicy  arc  not  by  any  means  always  dependent  upon  tliein. 


4H  HVrOCIIONDRIASIS. 

During  his  service  atihe  New  York  Stale  Woman  s  Ho«|>)t;iI  Iir.  Kock- 
well  has  foiiiul  lh:it  sym;itoms  of  excessive  nervousness,  etc.,  which  were 
ntppOicil  lo  be  merely  a  reflex  of  local  derangement,  have  rreqiieiitlj' 
ywlded  to  some  form  of  electrization,  before  any  maiiifeft  change  baj 
been  observed  in  the  condition  of  the  sexual  apparatus. 

Hypochondriaiis  {Fat/wf>/i(jbia)  and  Afeianeholia. — The  distincnon 
between  hypochondriasis  and  melancholia  is  vital.  The  iiy|K)chondtiac 
readily  appreciates  the  character  of  any  special  disease  from  which  he 
may  suffer,  hui  he  has  a  most  exaggeratetl  conception  of  iis  ini)>OTtance 
and  of  its  probable  results.  He  talks  much  of  his  symptoms,  and  un- 
ceasingly seeks  relief.  The  melancholic,  on  the  contrary,  possibly  suffen 
from  no  appreciable  disease  ;  or  if  any  evident  structural  or  functional 
trouble  exists  aside  from  the  recognized  mental  perversion,  it  is  un- 
heeded. As  Maudstey  expresses  it,  "the  former  coinniitiing  a  murder 
would  certainly  be  lunged,  the  latter  probably  not."  The  tendency 
d  the  melancholic  is  frequently  to  suicide — the  hy|K>chondriac  clings  to 
life.  Intellectual  exertion  is  an  impossibility  for  the  melancholic;  the 
hypochondriac,  on  tJie  contrary,  may  lead  the  highest  intellectual  life. 

The  one  suffers  from  such  jicrverted  habits  of  thought  and  feeling 
that  the  stro[)ge»t  and  most  natural  affections  may  cease  to  exist ;  the 
other  retains  all  the  normal  warmth  of  feeling  towards  friends  and  rcla- 
rires. 

Melancholia  is  a  more  advanced  ]>hase  of  mental  perversion,  and  to 
this  advanced  and  more  serious  condition  hypochondriasis  not  unfrc- 
quciitly  progresses. 

There  are  reasons  for  believing  that  the  sympathetic  nervous  system 
ts  largely  at  fault  in  cases  of  h)-pochundnasis;  and  that  if  not  demon- 
strably <U8cascd  it  is  yet  the  mrdium  through  which  disease  of  the  other 
parts  reacts  on  tJie  brain,  and  produces  molecular  or  other  disturbance. 

Hie  two  leading  ideas  that  we  here  desire  to  impress  are,  ^rst,  thai 
hypochondriasis  is  just  as  truly  a  disease,  or,  more  strictly  speaking,  a 
symptom  of  disease,  as  dyspepsia,  insomnia,  chorea,  neuralgia,  jtaraly- 
cis,  or  insanity,  and  should  be  treated  accordingly.  The  popular  mcihoil 
of  neglecting  hypochondriacs  altogether,  or  of  administering //tr/Moj,  is 
not  scieniific,  and,  except  in  rare  casc.s,  is  not  successful.  Sccemtiy. 
hypochondriasis,  when  not  dependent  on  serious  lesions  of  the  central 
nervous  system,  is  susceptible  of  relief  and  of  positive  cure  under  the 
skilful  and  faithful  use  of  electricity.  Still  further,  we  believe — and 
the  results  of  our  own  cases  justify  the  belief— that  cerebral  disease  of  a 
more  pronounced  character  itself  may  be  relieved  by  electricity;  and 
that  tioit  terrible  form  of  hyYiochondriasis  which  is  ttie  precursor  of 
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organic  cerebral  (1isc:ise — the  vestibule  that  leads  to  ihc  dark  and 
glooDiy  caverns  of  insanity — may  be  controlled  or  kept  at  bay  by  a  per- 
seveiing  electrical  treatment.     (See  chapter  on  Insanity.) 

Trtatment. — In  hypochondriasis,  general  faradization,  central  gal- 
vanizaiion,  and  gaWajiization  of  the  cervical  sympathetic,  are  indicated. 
We  have  obtained  good  results  from  all  methods,  though  most  of  our 
cases  were  treated  by  the  first  and  second. 


ttyfKktmdriath,  vfitk  impairment  of  tht  fuHfihits  of  iptdal  stnse —  Wtakintt 
mtmory— Stmery  tympiorm  in  tht  ejitreiHitits,  witA  tamt  hu  of  maiar  ptmier,  tAt 
rttutt  of  extisiive  mtntal  attivily^  and  depend,  nt  in  pari  tin  lUgkt  cerebral  eaugei- 
lift — ImpriMuient  under  gemrai  faraJitalian  and  central  gak-anitation — Kr- 

Case  111. — Mr,  K.,  an  acior  oT  twenty  y^cArC  stanrling,  was  placed  ttmlc-r  our  core 
I7  Dr.  K.  L.  llarrb.  The  pitient  wai  c  temperate  man,  oiid  va  far  lu  liU  ptofcuioa 
permlttel,  regular  in  all  hUhnbii^;  but  ihc  cliaracter  ofhU  ent^gemenix  had  rendered 
it  necetAary  for  Mm  to  exercUe  I1U  memory  [lirougli  n,  series  of  years  lu  an  ontuuat, 
and  as  the  %e(]uel  proved  to  a  most  injttHutii,  extent.  Two  months  prior  he  began  to 
obiervc  that  ki*  intellectual  po^-er*  were  failing  liitn.  llix  memory  t>ccainc  so  Im- 
poired  and  lib  ihougbts  so  cunfLised,  that  he  foumi  it  utterly  Jmpo^Mble  to  "commit" 
anything  new,  or  to  recall  readily  certain  "parti"  lliat  had  been  long  perfectly 
ramiliar.  He  was  fiygxtchniirlrkcal  to  the  la«  flcgree,  ami  at  the  same  lime  his  limlw 
,  became  weak,  and  he  comj>lain«l  of  »cn»ory  Ryniptomi  in  the  lips  of  the  fingers,  much 
■|Iie  same  as  those  present  after  frosthlte.  The  inlegrity  of  nitrti  of  the  KnKS  wai 
marVe<IIy  iinpaired.  Under  eeances  of  general  fAra<Ur.it  ion  anil  oritirol  jjaUanitaiion 
the  annoyiHg  sensory  symptom*  di«tpi>eatcvi ;  lie  gained  enltre  maxtery  over  hisliml)!, 
and  was  more  h'>pefjl  arvl  happy  ;  hi*  ttrenglh  of  vision  he«:ftme  nearly  normal,  and 
when  we  last  taw  him  llicio  hail  been  suHii.icnt  impruvemeni  iti  his  inlcllecinnl  facul* 
lic»  to  enable  him  sucressfiilly  to  attempt  a  performance  on  the  sla^*-  ^Ve  learned 
that  during  on  attemjjc  to  p^rrumi  on  a  sulisequ^ot  oi:casion  he  became  quite  unable 
topuittie  Ills  port,  and  was  le<l  off  the  stngc.  This  was  sufl^cient  to  show  that  re* 
covery  ws&oot  complete;  as  to  hb  contlilion  after  this  we  are  uninformcil. 

Balkapkobla^ Improvement  umter general  farad.tati*'H  and  eeilfral  gah'anitjtian. 
C\SS  IV.— A  vciy  favorable  rc*uU  was  obtained  in  ihc  person  of  a  young  man 
a^ed  25.  At  all  hours  of  the  day  he  was  annoyed  by  tinnilu>  aurium,  and  what  to 
him  teemed  an  audililc  vaiv:e  telling  hiiu  uf  evil  to  i-ome  We  suhinitled  htm  logen* 
eral  applications  of  a  powerful  faradlc  current,  and  also  to  occasional  galranitaiion  of 
the  brain,  cord,  and  ly  in  pathetic  Some  iinpruvemeiit  f'uUowed.  The  m<»t  deci<)e>l 
benefit  was,  howe»er.  derifed  from  the  method  oT  galvano.faradiiaiion.  The  farwlic 
current,  full  sueogth,  fiom  a  Kidder  apparatus,  and  at  the  same  lime  the  (^tdvanii: 
curreni  Irom  fifteen  celln  of  Bjiueti"*  battery  weie  pa'sed  throvigh  ^nd  around  the 
body  by  ihe  method  of  general  electHriiion.  Im|wi>vcment  wa*  nuw  leinaikably 
rap'd.  In  the  course  o(  half  a  dozen  applkatiuns  every  unpleaiant  symptom  dlsap- 
1>carc>),  and  the  patietit  Has  lince  remained  perfectly  free  from  any  evidence  uf  llieil 
rauin. 
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UHtmholia  &/  it^  y*arif  rttnding  in  a  yatttg  marrit  i  tody— Cam fleU  reentry 
m»dfr  eeutra!  gatvamfilht   afttr  /ailMTt  tf  ffrtuttHt  inlert$ai  mfJicatufn 

and  gtHtrti! /aradtMaiioH. 

Case  V, — Mn.  V.,  %  married  wonutn,  bged  twcoty-five,  came  fint  under  oar  ob- 
fcrvation  Ociobcr  S,  1S71,  in  ilw  seventh  ntonih  of  her  prc;;rancY.  Her  mmtil 
coiwlition  wa«  lamenlabte  in  the  extretae.  There  wu  chtelly  «  perversion  of  the  whole 
haliic  OT  Duniicr  of  feoliag,  such  u  so  frequently  follows  kduol  tnlcllectuiU  dcrnne*- 
nicrx.  She  confessed  and  bewailed  Iter  want  ol  Locerest  in  or  love  fof  ilrase  whc 
u'Cte  acarnt  to  her,  and  cTidenlly  lufTcrcd  tnoM  intensely  from  a  profoond  feeling  of 
dt:)i«e«'ion  nnd  misery— «  vast  nod  formless  idea  of  utier  dcsolatioa.  T)ie  paticol 
a)>pei;iateO  her  condition,  wunld  rcuao  c<}nccmin][  it,  and  acknovrladg*  that  UMtt 
wa«  noiMnj  rwl  to  which  she  could  point  at  a  caiim  of  her  mttery. 

Thee  wrclclied  feelingi  were  not  aUogether  new,  but  for  over  two  wan  bad  in  a 
modified  form  annoyed  her  coniUdcrahly.  Bitten  slif^lly  by  a  faTorite  dog,  ahe 
merged  inifnrdialcly  iitlu  a  condilion  that  may  be  called  Iiypochoiuiriacal  iada»clK>- 
lia,  vriili  an  exftSE*''*'^''  notion  of  the  danger  »he  had  irctirred.  She  h.id  been  treated 
|)er^L«ienIty  but  witlionl  avail,  and  a»  a  dernitr  mivrt  general  faradital ion  was  at- 
tempted, tt  utterly  failed  tn  iticHecii,  and  in  good  faith  the  patient  watencouraged 
to  tiope  tli.il  witli  her  delivery  her  lacutal  balance  would  reium.  The  ctiild  wai 
born,  and  three  nuinttm  lulisciuently  I  woi  again  called  to  «e  the  molHer,  only  to 
bnd  hn  cofliUii»n  mure  a^^ravatcd  than  at  any  previoua  lime  We  now  rewlved  to 
make  nkc  ofceBltal  galvanizaiion,  and  employed  a  current  from  sia  onlinary-siaed 
nnc  carbon -eel  Is,  wtC^i  a  titling  of  four  minute*.  The  patient  wa*  not  at  all  im* 
pirored  by  the  tiattrt,  but  lecmed,  K  anything,  slightly  more  sensitive  to  eatemal 
impresnoM. 

Ill  a  couple  oT  days  the  same  application  wait  agahi  uieil,  with  the  evident  n»4ill  of 
decidedly  exciting  her  mind.  A  third  effort  was  made  with  but  three  ceUs,  from  whidk 
the  curieiK  was  jiutt  mflirient  in  lensiun  to  call  iniu  acliun  the  sen-ur  of  taste.  From 
this  trial  the  patient  cxiteiienced  undoubted  relief,  and  at  intervals  of  a  day  the  ap- 
plication,  without  bein;;  viuied  escqiiing  in  tlie  length  of  the  j^nrf-,  was  repeated  for 
some  Iwu  months.  Although  during  the  treatment  two  or  three  slight  relapses  oc> 
currcd,  yet  on  the  whole  the  iin|vavemenl  was  steady  atul  satisfactory,  and  at  the 
close  o\  the  "  centiral "  treatment,  vthen  die  vraa  placed  entirely  in  the  care  of  Dr* 
William  J.  Donor  for  tUcrloe  difficalty,  het  recovery  was  complete. 

NeurasUttma,*  or  Nervous  Exkausihn.~X\i^^<Tviz!C\<m  of  the  tenn 
nturaslhaiia  is  sufficiently  obvious.  It  comes  from  the  Greek  word 
vtvpov,  a  nerve ;  o,  privative  ;  and  a^cvfK,  slrt-ngth  ;  and  therefore,  being 
literally  intcr]>rctcd,  signifies  want  of  strength  in  the  nerve.  Under  the 
name  of  general  debility,  it  is  a  condition  sufficiently  familiar  to  erei^ 
praciisiiig  physician,  and  too  frequently  resiiis  most  obstinately  all  forms 
of  internal  medication.  It  is  not  to  be  confounded  with  an.-eniia, 
iJiough  it  may  be  associated  with  it. 

The  one  principle  on  which  neurasthenia  is  to  be  treated  is  by  the 
concentration  of  all  possible  tonic  influence  on  the  nervous  Eystem — 
oiV,  sunlight,  wa'.er,  fjod,  rest,  diversion,  muscular  exercise,  and  the  10- 

•Sce  treatise  on  it.i»tub^e«,\>i- \iT^.'ftra4  wA^jockw^U. 
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temal  administration  of  those  remedies,  such  as  strychnine,  phmphoras, 
arsenic,  etc,  which  directly  afTcct  the  central  nervous  system. 

F.lecirieal  Treatment. — General  faradization  and  central  galvanization 
as  an  adjuvant  to  lelicvc  more  directly  the  sj'mptonis  of  insoniTiia,  head- 
ache, etc.,  which  are  so  frequently  associated  with  neurasthenia  or  aflci 
general  faradization  has  ailed. 

The /rtf^^tfjix  is  usually  more  or  less  favorable.  In  nearly  all  cases 
of  uncomplicated  neurasthenia  general  faradization  alone  proves  deci- 
dedly and  somecinifs  rapidly  efficacious.  Beneficial  results  from  eithet 
this  method  or  central  galvanization  are  so  uniform  in  this  condition 
that  wc  have  reason  to  suspect  some  imrecognij-able  organic  disease 
in  those  cases  that  give  no  evidence  of  improvement  after  protracted  treat- 
ment. Even  the  complicated  forms,  that  are  the  result  of  incurable  dis- 
ease, may  be  nmch  relieved.  The  cases  that  fail  to  be  bcncfiicd  by 
electrical  Irealment  are  those  of  lifelong  standing,  or  in  which  the  tern- 
peramcnt  coniraindicales  electrical  treatment. 


Nem-attktnia  —  Dtlfility  and  atiaekt  of  iitk  ktadatht — Immediate  and  rapid  im' 

prifVimfHl  Hndrr  gtHtra!  faraditathn — Raft  J  iiurfost  in  weigkt. 

Casi  VI. — The  power  of  genera.  Uradieatlon  to  relieve  neurasthenia,  improre  dU 
ge-Oion,  and  cause  increase  of  weif^hl,  was  illufitrated  in  a  very  plcasJiitc  and  uti^fac- 
tfiry  oiaDntT  in  the  case  o(  a  young  physicLan  whom  we  h.ire  recently  tiuitcd.  He 
was  aS  years  of  ii^je,  and  for  a  long  lime  he  hail  lieen  sulijecl  tu  xevere  ami  repealed 
attacks  of  nervous  nnd  siclc  he&dache.  To  use  bis  uwti  expreisiO'n,  he  luul  been 
"living  on  a  Itiwer  plane  than  was  oarmnl."  Over-work  and  long  coiifutenicnt  had 
reduced  him  to  a  conditicn  of  serious  eximastion,  ui'l  when  he  called  upon  us  in 
September  be  could  not  walk  two  miles  KilhouC  ralit;uc.  AI[hau)<h  5  feel  9^  iiichet 
in  height,  he  weighed  but  113  pounds,  and  for  miny  monihs  (hero  haii  been  no  sign 
of  si>j  increase,  lie  had  cIomL)'  studied  his  own  caae,  bad  twcn  ihoioi^hly  examined, 
and  had  irieil  nearly  every  form  of  tnleinal  medication. 

Wc  began  treatment  hy  a  mild  ami  general  application  with  the  faradic  current. 
lie  fell  teiii|io(arily  enlivened  and  exhilaraled,  but  when  be  returned,  two  dayi  sub. 
(cquently,  he  "tated  that  he  felt  no  tpecUi  ^nefit,  although  he  h.iti  gatued  tnt-half 
m  pt^nd  in  wtigAi,  This  cljange,  alight  as  it  was,  encouraged  liim,  for  it  had  been 
month*,  and  ycxn  even,  since  he  had  been  at>te  to  detect  any  increase  in  weight.  We 
may  My  here  that  he  watched  and  studied  his  symptoms,  2nd  caicfuHy  aaccriiuneU 
hift  weight,  frftm  day  tn  day,  not  ai  a  hj-pochondriac  at  all,  but  as  a  scientific  man, 
insgHred  not  by  any  KpecisJ  faith  in  the  remedy,  Imt  by  an  earnest  desire  (a  test  fur 
himself  the  tonic  efTectt  of  general  faradization.  lie  contutiied  to  increase  in  weight 
with  lemarkaUe  regularity  and  uniformity,  and  at  the  end  of  three  weeks  he  .'onnd 
thai  he  had  .ncreased  nine  pouncU.  When  wc  last  saw  him  his  weight  was  114 
poundi.  The  impcoreinent  in  Im  general  condition  bad  gone  on  hand  in  hand  wilb 
the  increase  In  weight.  His  appetite  wai  keener  and  his  digc*iion  much  easier,  lib 
fackt  of  headache  still  annoyed  him,  but  his  capacity  for  endurance  bad  been  <{;«ai*.V>) 
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nlirged.  WUhin  the  lut  two  years  xn  learned  frooB  Ibe  pttknl  bimsell  that  he  iai 
-ufTtrcil  no  relapse. 

In  thi;  caw  the  oppticarioni  were  mode  very  ihoronshly  utl  over  the  penon,  firom 
the  top  of  the  head  to  the  Teet,  ami  with  a  powciTul  cuacnt.  Both  the  raiadk  onJ 
giitiraiin:  current;  were  nsed,  chiefly  the  faradic  It  b  worthy  of  retnitrk,  also,  that 
thU  patient  always  expcrienccii  a  (eelin);  of  temporary  cnlivenmcnt  anti  cxliiloralion 
ftfter  each  application,  and  sometimes  the  headache  from  which  he  suflcrcti  was  driven 
away  in  ihc  miiUt  of  the  tieatmetii. 

We  may  my,  also,  that  when  he  first  came  we  prescribed  oKitle  of  linc,  by  fxriu~ 
tiaa,  iKCAime  he  hot)  used  nearly  every  other  internal  tonic  lie  took,  however,  but 
two  or  three  doses  of  one  gmtn  each  for  the  first  day,  dropping  It  entirely  as  iooa  u 
it  found  that  he  bod  increased  half  a  pound  in  weight. 

Th«  above  caiie  we  regarded  as  i>re^ininciitly  a  typical  one — a  tjpical 
illustration  of  neurasthenia,  and  of  the  benefit  that  may  be  received  from 
general  faradization. 


freuraiihfnia  in   a  plelharie  patient,  tauted  by  txuttirrt  applifitiion  lo  ituimeu— 

S/iflti  imprO'irfiitHt  uniitr  gahtanitnliifH  of  tht  fervUal  lymfathftit  anJ  gfterti 
/itraiiitation. 

CAst  VII, — Mr.  A.  wu  a  short,  stout,  and  remarkably  plethoric  man,  a{*»d  60. 
Through  his  active  budneu  life  he  tLvl  confined  himself  most  closely  to  hit  duties^ 
tcldom  lakinK  a  day  for  recreation,  even  during  the  heat  of  summer.  J^Jnctecn 
years  since  he  retired  from  business  with  ^eatly  ttnoaifeil  health  and  strength.  It 
was  thought  that  perfect  freedom  from  all  care  would  be  luffident  to  restore  liis  na- 
tive rigor  of  constitution.  On  ihe  contrary,  he  gained  tnit  tittle,  if  any.  His  general 
ippearancc  was  ijrpical  of  perfect  health,  bat  ordinary  excriioii,  ellher  mental  or  phy- 
Bcal,  was  sure  to  produce  cstiausiion.  Hit  puljt  vai  itarmat,  and  thtfMtitnt  vmt 
pleth^ie  rather  thtiK  aturmie.  It  was  impossible  for  him  to  read  more  than  tea  or 
Aftcen  iniiiule*!  without  beconing  restless  ooil  excesavely  oervous,  and  exercise  io 
walking,  to  the  extent  of  a  dozen  blocks  or  to,  would  frequently  produce  complete 
proslralion.  Ilii  sleep  at  night  was  broken.  \vA  sometimes  entirely  destroyed. 
There  was  not  the  sli^test  evidence  of  organic  disease,  bat  the  whole  nervous  sya. 
tern  seemed  to  be  uiutrimg.  lie.  had  submitted  to  almost  every  method  of  tonic 
Irealmenl.  tmth  medirinol  anil  hygienic,  but  had  seldom  experienced  even  temporary 
relief.  We  felt  justified  in  encouraging  him  to  hope  for  favorable  reanlts  from  treat* 
ment  by  elerliiialton.  With  mlm'tralile  |>en«verancc  and  promptness  be  continncd  to 
vlvt  ns  for  two  months,  n^ver,  in  n  single  instance,  falling  to  keep  an  appointment. 

At  first,  general  applications  with  the  faradic  current  were  given  every  other  day. 
At  each  ntiing  he  seemed  much  invigorated,  and  for  lereril  hours  he  experience-]  a 
degree  of  strco^h  an-l  lij^titnesA  of  spirit  such  as  he  hoil  been  a  stranger  to  i<it  yevx 

These  eSerls,  however,  seemed  but  temporsry,  for  the  old  lasaltude  Invariably  re 
turned;  cOBSequently,  al^er  three  weeks  of  treatment  with  the  fondle^  we  resitrted 
to  a  weak  galvanic  current. 

The  negative  pole  was  applied  to  the  epigastric  region,  and  the  positive  to  the 
back  of  the  neck,  near  the  seventh  eervicml  vertebra  and  also  along  iIk  anterior  bordci 
9/  the  scalenus  anttcus  muscle,  lo  order  to  affect  more  thoroughly  the  great  sym. 
/wttok  and  pDctimcJcanTic. 
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Sponge  eleclrwla  were  tued,  and  the  ■.pplkations  vrete  prolooged  Buttclentljr  to 
prodtwe  an  intcnie  rednen  And  ad  acute  bumins  sensation  nnJer  them.  By  Ihb 
a^thoil  tlie  itniaediate  elTects  were  nut  so  nuu-ked  as  wticn  the  fuidk  currenC  wU 
noed,  but  [He  relief  itTotJed  wai  more  permanent. 

.Fur  the  first  lime,  liU  tleep  became  more  quiet  &u<J  iouuJ,  and  during  the  day  foU 
lowing  an  appiicaiiun  he  wajt  able  tu  excrcitc  both  intnd  and  body  border  and  luiijjei 
than  usual,  lie  now  lubiiiilled  lu  trcalnieut  by  (^ahaniulion  everyday.  Week 
by  week  he  gained  very  percejiiibly  in  vigor,  until,  after  h-iving  icccivcd  Ihc  galvank 
canent  some  Iweiity-five  times,  he  left  u»  lo  spend  llie  summer  month*  among  thf 
mcMintain^  lie  did  not  dlscantinue  irealmcnt  with  a  nervous  system  pcrftrclly 
itrcBglhened,  but  he  lud  retrained  ajiiJiuxlRiately  the  usual  portion  of  mental  and 
pltyiical  en<larance  enjoyed  by  penont  of  lib  years.  Wbereaa,  before  treatment  by 
dedriutioa,  he  wa»  not  able  lo  waik  half  a  mile  without  fatigue,  nor  read  more  than 
ten  or  fifteen  minutes  without  suffering  from  nervouji  irritability,  after  Ireaimait  he 
enjoyed  and  derived  beneBt  from  waltzing  several  mllek  in  the  day,  and  could  confine 
himvlf  lo  a  book  for  an  hour  or  two  without  experiencing  any  qpinptoms  of  mental 
exhaustion. 

At  the  dale  of  writing,  the  jutient  enjo)v)  a  fiiirdc^rcc  of  health,  and  claims  lo 
have  reUined  atl  the  bcncht  be  derived  from  treatment. 


^itwmtthtnia,  eetnftuattdtnitAtUKtmia,  dysftptia,  ipinaiirrttation,  aittt  ^yfiochon- 
driasiJ,  trtattd  fy  gtntral farodicathH  and  ttnirat  gahaniutioH — tmpr^tment 
and  Juliefitenl  rclnfit. 

Case  VIH. — Mr.  £.,atall,  spare  man,  aged  about  50,  was  sent  tons  by  Dr.  Gurdon 
Buck.  He  was  a  gentleman  of  wealth  aad  leiiiirc,  oaid  for  several  years  had  been 
entirely  fiee  from  any  of  the  cares  of  active  bu&incss  life.  Hewosfic^^ucntly  troubled 
v-ith  indige*tioa.  At  times  be  would  seem  to  regain  wine  vigor,  and  would  exer< 
ciie  lo  a  contideratrle  extent  without  cxpccicncing  inconvenience,  Inii  as  a  rule  tlie 
Riost  ordinftry  mental  or  pb)-6ical  exertion  was  followed  by  extreme  cxbauslion. 
Painx  in  the  luial)ar  region  of  the  back  were  of  frequent  occurrence,  capectally  after 
pasing  a  sleepless  night.  There  was  however,  no  spinal  tenderness.  >lc  was  a  good 
bnonieler— an  cast  wind  would  almost  drive  iiim  to  despair,  and  so  long  as  it  lasted 
hecoukl  hardly  mutter  strength  or  inclination  to  leave  bis  coudi.  As  soon  as  the 
wind  cluuiged  and  the  sun  ajipcarcd,  he  ob«crved  an  immediate  amciiumtion  of  hit 
dreadfully  depressed  condition. 

Our  patient  experieitced  the  exhilaration  that  bo  frequently  follows  a  general  ap> 
[ulcation  ol  the  faradic  current. 

Although  at  first  tbis  mvigoration  was  of  but  temporary  duration,  the  eflecta  of  ibe 
Ircktment  were  gradually  prolonged  after  each  sitting,  until.  In  a  much  shorter  time 
than  is  usually  ttie  cave  in  conditions  cucb  as  the  one  luider  consider  ail  on,  the  paiicuc 
eii)oyeil  a  gootl  degree  of  heallli. 

Duiing  darnp,  enervating  days  especially,  central  galvanlution  prevented  ci'bau*- 
lion  far  more  kuci.'cw>fully  than  faradiiation.  Tbe  patient  retained  the  oervoui  vigor 
that  he  liad  i^ned  for  moiiy  months ;  subset] uently,  however,  he  relujised,  and  again 
placed  binuelf  under  our  care.  Me  wis  decidedly  benefited  by  this  second  course  of 
treatment,  but  not  to  tiie  tame  extent  as  at  first.  When  lost  seen  he  nail  rvtiiiiied  c 
mcaxuxe  of  improvement,  but  was  extraordinarily  susceptible  lo  atmospheric  cliai>ge% 
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A'tnviu  txAauftiffn  ej  hng  siamdimg,  attttiaitd  -mith  tcvtrt  futtralgt*.  Siigkt  rt 
tie/  lim  lug  hoa  mantht  o/ general  faradlaaliMt — Aftcr-tffecls  o/  tht  trtaimtmt, 
mani/eite4  by  ra/tJ  imprnvemtrnt  in  all  her  tympfiiHt.      (See  p.  294.) 

Ca^K  IX. — Mrs.  B.,  a  yoang  inanied  lady,  hoJ  for  a  lonj;  lime  suflcred  rumI  iiu 
IOIKI/  from  pain:«  nf  >  iivurjl^ic  cli:uai:ter.  Tlic  la-xil  wailUc  witl  of  (freatusC  suffer* 
ln£,  allhoueh  ihe  dislren  cxtendeJ  with  more  or  lets  sewhlf  to  vHvrf  part  uf  llw  boiljp, 

Jicr  Urcii|;lh  wai  much  rctluccti,  10  llut  she  w&s  unequal  10  (he  Klii>!i(ci(  CKCttixo 
beyond  1  tew  ortlinory  Itoiuctwld  duliu  aiul  ao  occauonal  waJk  iu  the  ^rcct  of  one  « 
two  liluiVft  Not  the  tlightcst  evidence  of  organic  dUc«M  could  be  dlM:ovcr«il  by  ha 
physicuD,  Dr.  ticorge  A.  Petcii,  \tliu,  haTing  lecmingly  cihausicd  (lie  icwurecb  of 
cne«t iciiic,  rci]u«Mcd  u>  lo  try  tlie  e(Tic;ic>  of  tome  method  of  electriulion. 

Al  the  cxUciue  clvtiUity  was  cvidcuilji  itic  proximate  caufc  of  Ibc  neuralgia,  wt 
decided  U|>on  general  fAradiialiua  as  the  proper  toeihod  of  Ueatmeiit,  aiid  aocurdiiiglf 
uiLxniltcd  licr  to  a  very  gc&lle  application.  She  wa>onc  of  (Ikmc  jiaticntt  fretiucntljr 
Fnt.oiiii[emI,  wliii  are  so  ^tuccpliblc  Co  t)ic  cuneiit  iliai  it  was  our  aim  to  give  uf  ihe 
electrical  influence  tlie  niitiiumiu  (lint  couU  lie  actually  felt  by  the  patient,  rathci 
than  the  maximum  tlut  it  was  poaibic  fur  ha  lo  bear  without  decided  diwumfan. 

During  the  muntlik  of  October  and  Novemlicr,  1S70,  «t«  i;avc  lliiily-iiji  applicalio«u« 
Mrlitch  aomewhat  Icucned  the  Kvciity  and  ricq'iciu.7  of  the  pain,  without  appredablj 
Lmproviiig  her  stren^ih.  Wc  prupoKvl  to  licr  physician,  therefore,  to  dUcooiiiiue  OOI 
efforts  for  a  while,  hoping  that  the  favorable  afiex-eflccts  of  elevtritalian,  thai  ore 
■o  often  Mcn,  woold  show  ihcnisclvet  in  Lhii  cue  W«  were  not  diMppoinlcd. 
The  patient  t>ooii  bsgan  to  amend,  unlil  lite  improreinent  wa:i  mint  markeil,  tioth 
in  the  alnio»  complete  resMlion  of  ibe  ncvral|Tla  and  in  oo  approximate  return  of 
nonnal  strength. 


Spinal  Irritation. — Signal  irritation  i&  one  of  those  names  which,  like 
hysteria,  have  become  the  recognised  properly  of  the  profession,  against 
the  actual  or  implied  protest  of  nearly  all  who  employ  iL  It  is  a  part 
of  the  hyslericuil  cunslitutlan. 

The  temi  spinal  irritation,  originally  proposed  by  Dr.  Brown,  of  Glas- 
gow, and  described  and  illustrated  in  dt:lail  by  G.  T.  P.  Tcale,  in  1S39, 
and  the  Griffin  Broiticrs  in  1844,  is  now  pretty  generally  undcrBtood,  10 
England  and  America  at  least,  to  express  a  tolerably  wcIUdclincd 
morbid  condition,  of  which  one  of  the  principal  symptoms  is  spinal 
tenderness. 

Differential  Diagnosis. — Spinal  irritation  almost  always  forms  a  pan 
of  hysteria  and  neurasthenia,  constituting,  as  it  were,  a  subdivision  01 
accotnpanirnent  of  them,  and  is  only  entitled  lo  the  honurof  distinct 
noniciiclatiirc  by  itself  w/ten  tlie  spmal  tenderness  and  the  symptoms  tAci 
dirtctly  Jiow  from  it  overshadow  other  accompanying  eondiiions.  Close 
exaniinalioi)  would  reveal  that  very  many  of  the  cases  in  practice  that 
are  variously  classified  under  hysteria,  anxmia,  etc,  have  a  mitljcienily 
oiorJced  tenderness  of  the  vetUbtw  to  be  regarded  as  examples  of  spinal 
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Irritation;  »nd  if  treated  accordingly,  would  recover  more  rapidly  that 
under  tlie  inetlioda  usually  d[ni)Ioyc(5.  The  best  confirmation  of  the 
diagnosis  is  the  very  favorable  result  of  judicious  and  varied  treatcueni 
devoted  s]>ccialiy  to  the  tender  s|>ois  on  Uic  spine. 

Between  spinal  irritation  and  spinal  meningitis  or  congestion  the  dis- 
tinction is  oftcntiniea  purely  one  oi  ptrmanena  and  degrtc.  In  boti) 
conditions  tlicre  may  be  pain  and  heat  in  the  spine,  neuralgia  or 
paralysis  of  the  limbs,  plantar  heat  and  aaa»thesia,  constipation,  feeling 
of  pressure  or  constriction  in  the  chest,  and  stiffness  of  the  neck,  etc. 
It  is  disiiiiguislied  from  myelitis  by  the  absence  of  other  necessary 
symplouis.  The  contracuons  of  muscles  in  spinal  irritation  are  less 
painful  than  those  of  myelitis. 

Pathology. — In  spinal  irritation,  as  in  cerebral  irritation,  it  if 
probable  that  tticre  maybe  either  anemia  or  Uyperxmta.  That  many 
of  the  cases  of  spinal  irritation  depend  on  passive  hypcncmia  of  the 
cord,  is  rendered  probable. 

I.  By  the  feeling  of  heat  and  burning  at  the  seat  of  the  irritation. 

a.  By  the  fact  tliat  tliis  pain  is  increased  at  night,  when  the  patient 
IS  in  a  recumbent  position. 

3.  By  the  fact  that  it  is  relieved  by  measures  that  relieve  CDngestioo* 
OS  dry  and  wet  cupping,  ami  by  blisters  over  the  tender  vertebrae. 

On  the  other  hand,  reasoning  from  analog}'  and  from  what  we  know 
of  the  relation  of  the  sympathetic,  it  is  proper  to  assume  that  ana;raiaiiiay 
account  for  many  of  the  phenomena  of  spinal  as  of  cerebral  irritation. 
This  assumption  is  strengthened  by  the  fact  that  very  many  of  the  pa- 
tients who  have  spinal  irritation  are  more  or  less  anxmic.  And  yel, 
reasoning  from  the  history  of  the  cases,  and  from  tlie  results  of  treat- 
ment, we  are  inclined  tu  the  opinion  that  anaemia  exists  only  in  a 
minority  of  the  cases  of  spinal  irritation;  that  in  the  majority  of  instan- 
ces there  is  more  or  less  at  least  ttmporary  pasiivt  congestion  of  the 
cord  and  of  its  membrane  ;  and  that  in  all  cases  of  doubt  it  is  safe  to 
:.5sumc  tlic  existence  of  hypencmia,  and  to  guide  the  treatment  accord- 
ingly. 

It  is  not  necessary  to  assume  that  this  hypcrEcmta  of  the  cord  is  a 
constant  condition.  Except  in  the  severe  and  long-standing  cases,  it 
is  probably  not  so,  but  is  more  or  less  evanescent,  temporary  and  me. 
tastatic  This  may  distinguisli  It  from  spinal  congestion,  which  is  a  fixed 
condition.  Temporary  congestion  of  llie  cord,  as  of  the  brain,  the  geni- 
tals, Uic  eye  and  the  ear,  may  perhaps  be  easily  excited  by  irritating 
causes.  It  \^  not  unreasonable  to  suppose  that  anamiia  an  J  hypenemia 
may  alternate  m  the  patient,  and  in  the  same  day  or  hour. 
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BUetric  examination  in  spinal  irritation  may  sometimes  reveal  ten 
der  spots  on  the  spine  that  are  not  indicated  by  pressure. 

Treatrntni. — Electric  treatment  consists  in  general  faradizatioiit  gal 
I'anization  of  the  spine  and  synipatlictic  and  central  galvanization. 

Our  cx|>erience  in  a  great  number  of  cases,  since  the  first  edition  of 
this  work,  convinces  us  tliat  in  galvanization  of  the  spine  the  positive 
l>olc  acts  better  than  the  nc|!ative  in  the  treatment  of  this  alTection.  To 
depend,  however,  on  localized  galvanization  alone  is  illogical,  since  tlK 
disease,  tiioiigh  for  the  time  specially  localized  in  the  spinal  cord,  if 
nsually  simply  but  a  development  or  manifestation  of  the  ncr\-ouk 
diAthesis,  in  which  die  urhole  system  shares. 

Prof^notis. — Under  elecuic  treatment  aloiie,  ilie  prognosis  of  sinoal 
uritation  is  usually  favorable  for  a  relief,  and  sometimes  for  )>ermaneat 
cure. 

It  is,  however,  of  great  advantage  in  alt  severe  or  longstandir^ 
cases,  to  combine  with  electrization,  counter-irritation  (very  sinatl  blJ»* 
ters,  or  tartar-cmctJc  ointment)  over  the  sensitive  vcrtebrx.  and  the  in- 
ternal administration  of  phosphorus  or  other  stiomlants. 

Comparative  rest  of  brain  and  muscles  is  an  important,  though  not 
indispensable,  aid  Co  treatment.  The  disease  is  quite  prone  to  reUpsei 
especially  under  bad  hygienic  surroundings.  Under  combined  treat- 
rncn^  consijiting  of  blisters  to  the  spine,  phosphorus,  strychnia,  and 
electrization,  the  majority  of  cases  will  rapidly  improve. 


Sfinat  irritation  of /0ur  ytarf  ttondittg,  with  tx<tniv€  ttHdernt$t  %n  tht  Inmlmr 
region^DKtdtd  relit/  from  general  faradisation. 

Case  X. — Mrs. ,  ajfeU  34,  wu  sent  to  us  J*uiuuy  4,  by  Dr.  Jolio  SewmU  10 

be  trcjilett  Tor  pain,  with  moiC  cxcetyve  tcnJcroc^s  over  llic  lumtuLrvcfielfix.  The 
tytnplomihad  been  psnkularly  dlstrentng  unce  her  conlinecacDt,  two  months  pr» 
vktus  liul  liad  annoyed  her  more  i't  less  (or  four  jreari.  United  wilh  this  spinnl  leu- 
tli;riio>&  ilicre  was  CDnsii.lera)ilc  tJcbility,  llisU  matle  a  walL  of  half  a  mile  a  IjurJcat 
guUk  une-iuncM,  fevblc  aj)pcliie,  iiuomnk,  vid,  in  general,  the  cLomctcristk  fea- 
tures uf  the  nervous  constilullon. 

Hlrttrit  txiiHtinutian  revealed  a  very  gre&C  lenJerness  over  screr.-il  of  the  tumbw 
vi^rtcbrgc  ;  only  a  feeble  cuTienl  could  be  burne  at  all,  even  with  lai^c,  >oft  ipongct, 
No  other  aliiionnAl  contlilion  wu  fouml  beyoad  a  general  hypcnnthcsia,  which  is 
ttioal  ia  sudi  ciues.  Tlie  leinlenicvs  Wiu  to  great  th»t  ev«a  Ih«  wvighl  of  the  hand 
wfti  (Uitrenitigly  [^inful. 

We  hcffm  (rcaimcnl  by  general  fvtuliutlan,  with  ipcdsl  reference  to  th«  tcader 
(pot  in  the  tpine.  At  chU  locality  we  u»eJ  ft  (table  inaeauas  current,  beginitiag 
w-iih  a  currem  scarcely  pcrcqitible,  and  increasing  the  Uieni<th  up  to  the  point  wbcrv 
ic  could  be  comfortably  borne.  The  )>alicDt  sJiortly  improved  under  this  trcaliiicni, 
though  not  without  reUpws  whene^-cr  slut  attempted  any  intiMftant  cxertiua.     Fiw 
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wwk  to  wnk  iTi«  teadenKM  beeunc  leas  tturked,  until  the  veriebne  vtt<  no  lonca 
iMinrul  under  inodetite  preuure,  ukI  m  mii<h  more  powerful  cuirent  coulJ  be  boine 
with  eo-ic  A^eenhle  temporary  relief  followed  cncb  applicaiion^an  observation 
wliich  we  liave  rrequcoUy  miile  in  spinal  irritation. 

Al  the  end  of  two  months  the  patient  was  dianosol  very  mu'Ch  benefited. 

Nyftritithe$ia  6f  Ike  ttrvieat  an,i  tipfitr  tumiar  vtrttlrr^  tause4  hy  txpctttre  to  Ike 
sHn~  Great  jmctfti^lily  ta  tUctrUity — tmprtvtmtnt  undtr  general  and  iMolited 
/■araditalhm  and  gaiwtmtathn. 

Cask  Xi. — Rcr.  Mr.  t'..  aged  30,  wiis  placed  under  our  care  by  the  advic*  «t 
Pi.  tiui^liiD  lluik.  Fur  several  luunihs  licfurc  lie  ha:!  been  ciim))Iaiiii»j;<>r  pain  and 
(i«avin«>s  in  the  buck  of  the  neck,  that  ha'l  c<ji»i>c!ted  him  tu  resign  hU  pa«tonU 
char};e  and  alislain  from  a.il  sustained  mental  exerijun.  The  symptutm  dntcd  from 
an  expoMire  to  the  tun  on  a  v(ry  hot  (iay.  The  patient  wa-i  large,  c»]t.  well-formed, 
and  apparently  rcry  robu&t.  All  tiic  runctioinf  sccnicd  10  be  tolerably  well  perform* 
ed  ;  but  sustained  mental  exertion  was  almost  iinpoAible.   He  had  beei>  treated  failh' 

iifiiUy  by  counier-irrtiuiioD,  in  the  iihape  of  wet  cuffping,  and  hod  derived  poiiiiive  bcnefil 

[tHerefrom. 

F.lettrie  examination  indicated  some  tenderncfiS  on  the  up])er  cervical  vertcbne^ 
and  alio  in  the  upper  lumlior ;  but  this  tcn'lcriie«  was  not  cxcc»ive,  and  a  turctiil 
of  fair  slrcDglh,  »>  for  a&  llie  vcrtcbtx  were  rouccrned,  could  )>e  readily  Itomc  with- 
out cllKoirforl ;  nor  were  the  vcrtebnc  so  paintul  as  they  sometimes  are  rouiiil. 

Rut  ino»eie\pect  bb  behavior  under  lite  electric  examination  waa  peculiar.  The 
•enution  produced  by  a  mild  galvanic  curient  over  the  upper  cervical  veiicbne  «ai 
painfully  Ml  in  the  foicticoil,  indicating:  ^  inorljid  irritability  of  llie  centra!  nervous 
»y-Mem,  lince  in  health  such  a  phenomenon  do«  not  appear.  That  thb  mo-bid  irri- 
tability wu  m  some  way  related  to  the  symjiathetic,  or  (.hat,  al  lea^t,  the  t>m|«lhe- 
lie  was  the  medium  throtij;h  which  it  was  manircsled,  was  rendered  probable  Sy  llw 
fact  that  mild  faiadli^tion  or  galvmualion  a\  the  aB'ecIed  piait  cauied  a  very  pro- 
fuie  pertpu^tioji  on  the  hands  and  feet.  This  same  cITect  wc  have  alK>o1>wrved  to 
acoxe  of  hyUciia.  ' 

Strong  ai  the  paiicnt  appeared  to  be,  tl  was  necewary  10  treat  him  with  niHd  car- 
renix  and  short  applications,  By  turns  and  in  succc*»ion  wc  tried  the  vinous  methud) 
of  elect  rirai  ion,  with  both  the  faradtc  and  galvanic  currents,  and  with  important 
tbou^h  not  briltijuiC  results, 

A  Tier  a  iieatment  cxicndini;  by  inlcrvalt  through  three  monihs  the  patient  left  for 
a  riail  in  fcjigland,  where  he  remained  nearly  a  year,  still  slowly  improving. 

Great  susceptibility  to  electricity,  as  in  the  above  case,  is  frequently 
observed  after  sunstroke. 


Jt  ekrittie  tanJition  of  it-rHation  and  hypentilfuiia  0/  tkt  tfiinat  eord  greatly  hent- 
fittd  hy  general  fiiradiiafhn,  in  eaajunettan  with  galvcniuithn  0/  the  tympathf 
tie  and  tpine. 

Case  XII. — A  young  lady,  daughter  of  a  physician,  who  had  wffercJ  fur  many 
months  (rum  ^yioplunis  bulb  uf  cuagolioti  and  iiritatiua  uf  the  npinal  curd,  wu 
placed  under  oat  c*i«  b>  th«  advice  of  the  late  Dr.  II.  D.  Bulkley.     Tcndenwt*  -ft*! 
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manifietl  am  the  cervi  :iiI-dorsa]  xad  lumlar  re^oob  TIm  patier-t  complained  of 
shortneiB  of  breaih,  numbiirss  and  (inKlinf>  in  the  hinds  and  Teet,  cough,  nausea,  witb 
Rcunilgic  paiiis  arounil  Ih*  loins  and  in  the  niTtmitics.  A  very  decided  ioa  of 
pnwcT  was  manifcsl  in  ihe  luwer  limbs,  so  ihit  U  vat  impossible  to  take  omhc  than 
a  few  tuitts  mound  ifie  looia  without  f^ilJifuc.  Undei  tlie  tonic  influetm  of  twenty 
(^neriU  applications  of  the  faradic  current,  the  patient  very  decidedly  iinprbved. 
TKe  Icntlcincas  along  the  spine  decreawd,  and  in  the  cervical  rqfion  diuppeared  allo> 
get  her. 

The  ihortnca  of  breath,  (he  numbnen  and  lingiing,  tof^ther  with  ibe  neuralj^ic 
IMina,  tiecamc  lea  marked,  while  the  strcnsih  to  fnr  improved  that  slic  waa  able  dMl> 
to  lake  tbort  walks  of  several  blocki,  and  to  atcend  the  stairs  with  comparative  oon 

(OTI. 

We  DOW  resorted  to  the  galvanttation  of  the  sympathetic  and  the  spiae— •spiaal- 
cocd  comsit — which  were  fallowed  by  an  troprovemcnt  more  nurko)  than  it  was 
possible  to  obtain  from  the  (aradic  cuncul  alucie. 

The  above  patient  subsequently  relapsed  after  a  severe  fall  and  vas 
again  treated  with  great  perseverance  and  even  belter  results,  so  that 
ihe  is  now  in  perfect  health,  and  is  indeed  unusually  vigorous.  The 
case  illustrates  Ihe  record  that  may  follow  great  persercrance  in  elec- 
trical treatn)ent. 

A  ^nditionof  tingiiMg,  firUl-ing,  and  a  Jisfiosithti  to  fiarafyth  <>/  the  Ugt,  dtf>tm- 
dent  OH  irrilalii>M  and  kyfieritmiit  p/  the  (orj,  dtfidedly  relieved  by  gahvnitation 
of  tht  jymfaihftk  and  gerural /aradi»tdi»m. 

Case  XIII. —Mr^  W.,  a^ed  44,  whose  physlnan,  Dr.  H.  (ircgory,  advlvd  treat' 
meat  by  elcccriutitm.  w-ii  ttifliftiiig  Intm  pricking;  wnuitiorii  in  \\x  atnts,  and  fiotn 
tingling  and  numbneu  of  the  lower  limbs  and  feet.  In  the  leg«,  aUo,  there  was  ■ 
decided  *'  ditpeiitton  "  to  paralysis,  as  manifcstDd  by  a  feeling  of  weight  In  the  cflbft 
of  walking. 

Pres  ire  along  Ihe  ipme  dhclosed  a  tender  point,  at  about  tiie  thbrl  donal  artd 
second  Inmbar  vcrtcbrte-  Thoe  cjndLCion&  of  tenderness  tii^llogi  ukI  weight  in  tlw 
lower  limbs  seemed  to  indicate  not  only  an  irritation,  hut  alM  a  hyperrcmia  of  the 
■pinalcord,  Gatvaniullon  of  the  fympatheiic  and  itiili  gciictal  applixaliotts  of  tlis 
fiuadic  current  were  followed  by  a  marked  amelioration  of  these  symptoms. 

The  limb*  eupccitlly  pro^ei'ol  rapidly,  and  after  eight  applications  became  quite 
strong,  and  were  <|nile  relieved  of  the  nnaesthe^a.  Some  lenderncm  along  the  co«rM 
of  the  (pine  still  remained,  with  occasional  tingUng  in  the  extremities,  Irat  not  aaPt* 
cicnt  to  occasion  the  same  ancoyance  as  before. 

Spitai  irritaiian  of  twverat  ytart  ttandirtg — Retmtry  under  tpin*i  gtbmt^ttitm 
a  nd  gtneraifaraJitotuii. 

Case  XIV, — Miw  C,  a  ptitient  of  Dr.  tlrcfjory,  was  referred  to  as  wiUi  evidences 
of  irritation  the  whole  length  of  the  coid.  Unlet  <tx  weeks  of  Ireainicnt  hy  spinal 
^IvantzBlioo  and  general  faradization  the  patient  markedly  improved  ki  all  bet 
tymplonUu 
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The  ten<ler  points  tlnng  ihe  spine  moitlf  disappeared,  and  «fUr  the  c«suitioa  of 
lieatincnt  »Iie  continued  to  Improve  until  recovery  was  approrimately  complete. 
The  symptonis  were  of  several  year^  standing. 

Spinai  irritation  fftxaa  ytar^  slamJing — Rnovtry  uttiitr  spinat  gahanitation. 

Case  XV. — Miu  S.,  an  timtAtc  of  the  New  York  Slate  Woman's  Hospital,  wat 
affected,  in  addition  to  uterine  ditcase,  with  severe  aiid  jicr^i^CcnC  spinal  itntaiioii  n( 
over  two  years*  standing 

Spinal  ^vanintion  repealed  a  dozen  times  during  the  course  of  a  month  elTeciii* 
lUly  overcame  the  execnlve  Irritation  of  the  cord,  and  resulted  in  freatly  increased 
atrcnglh. 

fnsomma. — Insomnia  ts  a  symptom  which,  with  greater  or  less  uni- 
formity and  severity,  accompanies  nearly  alt  forms  of  disease. 

It  is  a  syi>i[itorn  of  sucli  an  indefinite  variety  and  comiilcxity  of  pa< 
ihotogicol  conditions  tliat  it  is  manifestly  impossible  to  treat  it  with 
anything  like  uniform  success  by  any  one  conceivable  fonn  of  roedica- 
tion  ;  but  of  all  the  remedies  that  have  yet  betn  tried  there  is,  we  be- 
lieve, no  one  which  permanently  relieves  the  symptoms  in  so  large  a 
proportion  of  cases  as  clectriration.  The  effects  of  electricity  on  the 
sleep,  whether  used  in  the  form  of  general  faradization,  or  gaWanization 
of  the  head  aiitl  cervical  symjuthelic,  are  both  temporary  and  iwrma- 
oent.  The  temporary  relief  that  aj)pears  the  night  or  two  following  an 
application,  though  usually  far  less  potent  than  those  of  bromide  of 
potassium  and  hydrate  of  chloral,  are  yet  very  decided  ;  but  It  is  for  tlie 
ptrmanent  relief  that  electrisation  is  chiefly  indicated  in  this  symptoin. 
This  comes  gradually,  slowly,  and  as  a  result  of  the  improvement  of  the 
morbid  condition  on  which  the  insomnia  depends. 

As  has  been  stated,  improvement  in  sleep  is  one  of  the  earliest  ef- 
fects for  which  wc  look  during  a  course  of  treatment  by  general  electri- 
zation. In  a  wide  range  of  diseases  sleep,  to  a  certain  extent  ai:d  with 
exceptions,  may  be  regarded  as  a  ihennoineler  of  health.  When  all 
other  bodily  function5  are  well  performed,  Uie  sleep  is  usually  sound, 
calm,  and  refreshing ;  when  it  becomes  painfully  and  persistently  dis 
turbed  by  dreams,  or  is  long  absent,  we  may  suspect  actual  or  approach- 
ing disease. 

Tempoiary  loss  of  sleep,  that  comes  from  temporary  anxiety  or  from 
neuralgia  or  other  pain,  is  usually  relieved  with  the  removal  of  the 
cause,  and  only  demands  special  medical  treatment  when  it  is  long  con 
fa'nued. 

The  treatment  of  insomnia  is  really  the  treatment  of  all  the  diseases 
on  which  it  depends.  For  those  cases  where  simple  wakefulness  exists, 
uniccorapaoicd  by  any   other  S}'raptom  of  recQ^i\ui\>\c  Ckv^txat,  -wt 
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may  use  either  galvanization  of  the  sympathetic  or  in  the  head,  or  far». 
dilation  of  the  head  and  spine,  or,  belter  than  atl,  general  faradization, 
for  somnolence  is  a  result  of  all  these  methods  of  electrisation.  It  ii 
not  even  necessary  to  make  the  applications  to  the  head,  the  sinnpaihe- 
tic,  or  even  to  tile  spine,  in  order  to  produce  sleep.  Simple  i>eriphcral 
galvanization  or  faradization  »nll  produce  this  result,  and  in  some  cases 
to  a  very  maiked  degree.  This  must,  we  suppose,  be  explained  by 
reflex  action.  In  case  of  rheumatism  of  the  hip-joint,  which  we  once 
treated  by  galvanization  ttirough  die  joint,  the  soporific  etfect  on  the 
patient  was  so  marked  that  he  fell  into  a  profound  slumber  before  ure 
had  time  to  leave  the  house,  in  less  than  ten  minutes  after  the  ap- 
plication was  over.  In  another  ca.se  of  infantile  i>aral)'sis  the  raoilier 
reported  that  the  child  slept  soundly  for  two  houn  or  more  after  cacfc 
sitting,  although  only  the  limbs  were  galvanixed. 

Periutent  insomnin  after  tkUd-birtk — An  appliiatian  o/tAe/arMdie  ntrrfnt  /#  llu 

kead  and  jfiine  is  /alliT^ed  ^y  lUep  of  trvtrat  keurt. 

Case  XVL— Mn.  A.,  aged  30,  of  r  highly  nervous  orguuutlon,  gave  Mrth  to 
her  find  chikl  *X\Kt  n  klwr  of  16  liaunk  So  gre*!  «ras  tiie  dtkorder  of  tier  nervooi 
tystem,  thm  for  5  ciayg  iut<1  nighit  the  wu  unable  co  cloM  her  eye*  in  iJeq),  Iter  coo- 
dition  nru  moit  dulrcuing,  arul  re^Uted  all  efTorU  in  tbe  way  of  medicatwn. 

It  wan  agTMd  that  a  mild  applicAtion  of  the  fundie  cunvnl  should  tie  applied  to 
tlie  hea«1  oiiil  dovru  tlie  fi|Miie.  Tltc  rcfiuU  wa«  mast  decided  and  gratif^ia^,  cioce  a 
■Ificp  of  Mvrial  houri,  d«ep  and  refreshing,  immediately  followed,  it  11  p«>per  to 
ny  that  sutxeignenC  opjilicalionsdid  not  have  iheaame  decided  elTect,  although  llwy 
tviileolly  strcngLliened  the  nervous  system  of  the  patient  and  greatly  aided  in  ditai. 
paling  the  conditiun  uf  iosoiuiiu. 

iHttmnia  of  months  ttanding  immidiatily  rtlitvtd  ty  general  faradiiatitiu 

Casb  XVn. — Mra.  C.  a  young  married  larly,  was  directed  to  us  by  Dr.  J.  lianop 
Sinu,  who  wa&  treating  her  for  uteriac  dtlficully.  She  was  suirering  acutely  from  fai- 
tomnia,  nnd  it  was  bopei!  thni  some  forni  of  clectmation  might  prore  beneficial, 
more  especially  t>in(«  she  had  picviomly  been  rctievcd  by  the  applicaiion  of  elecirimy, 
although  its  adn^nitlration  liad  been  without  tncihod.  Wc  subjected  her  to  the  laoft 
thorough  furm  of  general  fuaillution,  directing  cspeciAl  aiteotion,  however,  In  tbr 
head  and  neck.  The  appliwtions  were  admuiiitercd  on  five  succeuive  dayf,  and  duriin 
each  uf  the  fi.illoulng  nights  (he  paitent  enjoyed  uninlerrupteii  and  refreshing  sleepi 
As  10  the  permanency  of  the  effects  wc  are  not  infonned. 

lni«mnitt  9f  tevera/  monthif  durathn  relieved  under  trtalment  if  general /ar^di- 
tatian  an  J  galvauitalion  ef  tkt  irain. 

Cam   XVIII.— Mr.  J.  D.,  aged  65,  wjit  referred  to  us  by  the  late  Dr.  J,  C.  Notl 

hr  lite  relief  of  invsmnia  uf  such  an  obstiitate  character  as  to  threaten  serious  coone 

9uence&    He  Had  HifTcre.!  a  few  months  previously  from  a  severe  attack  of  congestive 

rhiil],     Froni  the  effects  o(  t\ve«  \w  ViiA  a^i'^tosimately  recovered.     His  strength  anrf 
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ApfieCite  weie  fair,  bat  ss  it  wu  sometimci  impotubSe  for  biffi  to  aUcp  more  tlmo  as 
hour  or  two  during  tbc  whole  night,  he  was  fast  merging  into  a  nervous,  excitable  con- 
dition. Tlic  ['stiuni  wu  ti'«ated  by  both  general  far&diiation  uvH  giUvaniu.tion  of  itx 
brain.  He  very  gradually  improved,  and  at  tbc  end  of  ■  niuiith'i  Ireaiineiil  lie  mu 
e»jo)-Lng  five  and  >lx  hoiu»'  coutiaaous  ileep  every  nij^t. 

ImomHia  /ffltffWitg  mtHilrusfMH — Gtnrra!  faraditaliot  affortlt  immtiOatt  relif/. 

Cask  XVlllw. — Mis,  B.,  a^cd  40,  suffered  an  unusual  loss  of  blood  at  each  men- 
tmal  )>efio>J,  which  was  followed  by  gbMtinate  Iii!>oi»uLi  during  ihc  tuccccding  two 
weekk.  GeneraL  fara^ltutictn  was  esnayed  for  the  relief  of  the  slceplessicis,  and  waa 
cnlircly  sacceMful.  Three  or  four  applicaltons  afier  each  period  was  HiC&cknl  to 
promote  calm  repose  uniii  the  next  flow. 

Astraphobia  {ttirrpatjii /i^A/ning  zn^  tfiti^oi /tar  0/). — Some  intjivid. 
uals,  especially  these  of  peculiarly  inn»rc5bible  organizations,  arc  not 
only  unpleasantly  but  senouily  affected  during  thunder-storms  that 
arc  attcnilcd  by  vivid  flashes  uf  lightiiitig.  Ttiey  suflcr  tiot  only  di&> 
nesting  fear,  but  positive  pain  in  the  head  or  stomach,  that  leaves  them 
in  a  condition  of  exhaustion  that  may  last  several  hourSf  or  even  two 
or  three  <]ays. 

A  iiicdical  friend  iriformcd  us  of  a  patient  under  his  care,  who  during 
thunder-storms  wm  attacked  by  severe  nausea,  and  by  convulsive  at- 
tacks resembling  epilepsy.  Under  treatment  directed  to  the  improve- 
nittit  of  her  general  byscein  slie  greatly  improved.  In  some  cases  diar- 
:hcea  is  excited. 

These  symptoms,  though  most  frequent  with  nervous  people,  and  es- 
pecially with  women,  may  also  appear  in  those  who  are  otherwise  strong 
both  in  health  and  in  will  power. 

In  two  cases  of  asiraphobia  of  long  standing  we  found  much  diminu- 
tion of  volitional  contractility  ami  considerable  anrcsthesia,  but  no  loss 
of  electric  muscular  contractility. 

Treatment  by  the  electric  brush  and  central  galvanization  afforded 
much  although  not  absolute  relief. 


CHAPTER  XVII. 


INSANITY. 


We  have  seen  that  very  much  has  been  accomplished  in  the  treat 
uient  of  hypochondriasis  and  melancholia  by  the  combined  methods  of 
central  galvaniiration  and  general  faradization,  and,  reasoning  from 
analogy,  it  is  probable  that  an  important  future  is  in  store  for  the  sden- 
tiBc  faitliful  use  of  these  methods  of  elecirisation  in  oar  public  and  pri- 
vate asylums. 

//  is  net  as  well  reeognited  as  it  should  be  that  in  diseases  ef  the  train 
and  spinal  cord,  where  the  mind  is  seriously  affecied^  the  electrical  treat' 
ment  is  also  indicated,  just  as  in  diseases  of  the  same  organs  when  the  mind 
is  not  affeeted.  in  some  of  the  asylums  of  England,  United  States,  and 
Germany,  etectricity  is  now  and  for  some  time  has  been  used  as  an  ad- 
junct to  other  remedies  for  the  treatment  of  different  forms  of  insanity; 
but  with  a  few  exceptions,  llie  treatment  is  not  systematically  carried  out, 
and,  partly  through  ignorance  of  the  methods  of  appHcaiioo,  partly 
through  want  of  sufficient  medical  assistance  to  supervise  the  necessary 
detaih,  the  rc^nlts  have  not  been  entirely  satisfactor)*,  and  the  cases 
Iiave  not  been  fully  recorded. 

We  should  except  from  these  remarks  the  Alabama  Asylum  for  the 
Insane,  where,  under  the  superintendence  of  Dr.  Br}-ce,  both  currents 
of  electricity  have  been  used  in  the  treatment  of  the  patients  for  the 
past  two  or  tlirce  years. 

We  have  corresponded  with  Dr.  Bryce  on  the  subject  from  the  first, 
and  have  at  different  times  given  suggestions  in  regard  to  the  methods  of 
apijlication,  wlu'cli  suggestions  have  been  rarried  out  so  far  as  possible 
for  the  already  overworked  officers  of  that  institution. 

Under  dote  of  February  i7Lh,  1873,  he  gives  the  general  results  of 
his  observations  in  the  following  language :  "  We  like  it :  find  it  bene 
lidal  in  most  cases,  valuable  in  a  majority,  and  indispensable  in  certain 
forms  of  hysterical  insanity,  in  primary  dementia,  and  neurasthenia." 

The  failures  in  this  as  in  other  branches  of  elcctro-thcra(>cutics  are, 
In  Act,  the  logical  result  of  want  of  familiarity  with  the  management  of 
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batteries,  of  incorrect  ideas  on  the  difTcrcntiaJ  action  of  the  currents, 
and  the  general  action  of  electricity  on  the  body,  and  deficient  techiu- 
cal  skill  in  the  details  of  the  applications. 

For  those  who  arc  beginning  to  use  electricity,  or  are  contemplating 
its  use  in  the  asylums  for  the  insane,  these  general  suggestions  may  be 
of  service:  i.  I,ct  it  be  remembered  always  that  electricity,  in  any  form 
— Franklinic,  Galvanic,  or  Faradic — when  applied  to  the  body,  acts  as 
a  i/imulating  ionic  with  a  p<nv€rful  sedative  injfuence.  It  is  an  ageni 
for  improving  nutrition  jn  any  condition,  local  or  general,  where  \ta- 
provcment  in  nutrition  is  required.  It  is  to  be  used  for  the  insane  Jusi 
■s  bromide  of  potassium,  quinine,  strychnine,  and  iron  are  used. 

The  order  and  degree  of  its  effects  depend  largely  on  the  method  and 
manner  of  application,  and  on  the  constitution  and  disease  of  the  patient 
to  which  the  application  is  made. 

3.  I'hat  in  insanity  the  brain  is  not  the  only  part  of  the  body  aflfectcd. 
Excluding  those  cases  of  insanity  produced  by  re6ex  action  from  the 
digestive  and  pelvic  organs,  there  are  very  many  cases  where  the  spinal 
cord  and  uthcr  parts  of  the  central  and  peripheral  nervous  system  suffer 
M  an  effect  of  the  disease  of  the  brain. 

While  these  remarks  may  seem  but  commonplace  to  experienced 
ptfycfaologbts,  and  while  the  fact  of  the  relation  of  diseases  of  the  brain 
to  diseases  of  other  parts  uf  tlie  body  Is  continually  recognized,  when 
Other  remedies  are  employed,  still,  in  the  application  of  electricity,  some 
experimenters  have  acted  on  the  theory  llul  the  brain  alone  should  be 
treated.  Those  who  act  exclusively  on  this  theory  will  not  gain  great 
victories  over  insanity  by  electricity.  So:ne  of  the  api>tications  should 
be  made  in  such  a  way  as  to  bring  the  whole  central  nervous  system 
under  the  influence  of  the  current,  and  local  diseases  associated  with 
insanity  as  a  cause  or  effect  should  receive  local  treatment. 

The  central  nervous  system  is  best  brought  under  the  direct  iiilluence 
of  the  galvanic  current  by  the  method  of  central  galvanization.  The 
method  may  be  varied  by  galvanization  of  the  brain,  cervical  sympa- 
thetic, pneuinogasiric  and  spine  ;  but  the  xnethod  of  central  galvaniza* 
lion  is  easier,  safer,  and  more  effective.  In  cases  associated  with 
debility,  and  especially  In  those  forms  of  insanity  dependent  on  neu- 
rasthenia or  nervous  exhaustion,  general  faradi/ation  answers  a  good 
pur|)Ose,  and  may  with  great  advantage  be  used  alternately  with  central 
galvanisation  or  localUed  galvanization  of  the  nerve  centres. 

3.  The  first   tentative  applications  should  be  very  mild,  and  the 
strength  of  the  current  and  the  time  of  sitting  should  be  gradually  in- 
cruased  as  the  patient  proves  himself  able  to  bear  the  treatment. 
a? 
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In  die  following  case,  allhough  no  permanent  relief  was  affordnl  bj 
the  n)et}]0(1  employed,  die  temporary  cfTccts  were  so  sudden  and  stanling 
as  to  render  the  history  of  exceeding  interest : 

AtuU  mania  ef  tht  «•■//  inteiut  <kariieter  existing  /stir  matt/At — /ftmnrJta^ 
tfftfts  of  general  /araJtiotian, 

CaU  XIX.— MIm  R.,  >([«(]  30,  living  is  H^rlcni,  wid  a  patient  of  Dr.  Jowpb 
Wooiler,  of  Kew  YnrV,  was  MifTerlng  from  icuie  mania  dating  from  suppression  of  lite 
tnente*,  occurring  f'^ur  months  before  the  fell  un^er  oar  caic  She  had  alwa)^  enjoyed 
most  e««llHii  Iiraltli— iiiilectl  was  rcmnrktilc  for  Jwr  vigorous  robust  consiitiiiion, 
and  it  may  be  jkIJw),  the  ruddiness  of  her  ccmplexiun.  While  watering  the  plajio  in 
the  coiiurvaiury  uf  licr  Mvlcr,  her  clothes  becsme  quite  wet  ;  »)ie  ae|*lccied  to  change 
them  immediatel}',  And  tlie  consequence  was  a  nuppression  of  the  menatnul  flow.  She 
complained  on  Uie  following  day  of  severe  hewladie,  and  on  ocauions,  during  the  neat 
tno  weck5>  wu  markedly  unrcaHi[iii))le  Id  her  action  and  dcmandi. 

Finally  active  delirium  set  to,  but  with  no  decre«M  of  bodily  Mrengih.  At  timet 
ihe  wat  tnlcn*ely  violent  in  her  demonstrations — screaming  at  the  top  of  her  mice 
•ad  tncaking  every  article  of  furniture  witliin  her  rcAcli ;  ax  a  ooniequenoe  she 
was  conEtned  in  a  roam  stripped  of  it&  funiittirc,  artd  in  her  wildest  nioodi  the  strait* 
jacket  was  applied.  For  more  than  two  mnnllu  no  sleep  visited  Iter  eyelids,  wittvoai 
the  nighlly  administration  of  from  loo  lo  I30  gn.  of  chloral.  Uuiing  the  nooming 
she  was  often  mcnsur.xbly  quiet,  but  as  evening  appruacheil  the  became  absolutely 
ungoircmable,  and  when  chloral  wa«  not  given  she  had  l>een  known  to  pace  arouuJ 
the  room  with  great  rapidity  and  strength,  mutieiing  to  herself,  with  abM>lulel]r  no 
cessation,  from  sunset  to  snnri«e.  She  had  decreased  in  weight  Irom  160  lo  llo  Ibt. 
Oa  the  cvenipg  of  the  i5tli  of  April,  she  was  held  lirinly  in  p^Mlion  by  sevetal  power* 
M  anbtants,  and,  after  thoroughly  moiotening  the  hair  of  the  head,  we  >ubaittt«d 
her  lo  the  niosl  thorough  form  of  general  faradiiattaii  wil  h  the  very  smwothcsl  current 
obtAinabte.  The  current  was  of  great  strength,  hut  evidently  in  it^lf  cau«e<l  no  di^ 
comfort  to  the  patient.  That  night,  and  without  the  u«c  of  any  drug,  the  patient  en- 
joyed five  hours  of  the  quietest  sleep,  and  for  48  hours  thereafter  was  perfectly  oIicdi< 
ent  and  tractable.  Another  paroxysm  of  violence  again  sliuwed  UmH,  and  the  same 
form  of  application  wureadminivtcred.  She  again  slept  quietly,  and  in  the  morning 
awoke  perfectly  rational,  !mt  extremely  weak  in  body.  Tlie  day  being  bright  and 
kunny,  a  chair  ww  place!  in  the  yard,  where  she  sat  for  severnl  hours,  and  in  all  hef 
cunversaiion  evinced  enitre  freedom  from  anything  like  mental  derangement.  Sud- 
denly, however,  she  aro*e  from  her  chfllr  and  ran  around  the  yard  with  great  rapidity. 
She  was  imnuslialely  captureil,  and,  when  taken  to  her  room,  garc evidence  of  all  her 
former  dcrangcnteut.  Slic  wa>  uiist»ually  violent  during  the  rest  of  the  diy,  bnt  after 
the  administiatiun  uf  100  grains  of  chloral  (and  this  was  effected  with  great  di At- 
catty,  owing  to  her  fierce  struggles)  she  passed  the  latter  port  of  the  nicht  in  compw* 
aiively  quiet  tJecp.  On  the  fallowing  mrtrning&hc  awoke,  aomewhal  c:idted,  ami  re- 
mained so  during  the  day,  while  towards  evening  she  as  usual  became  note  violent. 
(ienei.-il  farailization  wa«  again  tried,  and  was  attended  by  its  previous  good  cfleds 
hour  or  live  hours  of  quiet  sleep  followed,  and  on  awakening,  and  for  a  part  ol 
(he  uicceoiing  ilay,  the  patient  was  i^uile  calm  and  in  some  tespects  cnlirely  rational 
Sot  10  proloif^  this  descrivUon,  It  may  be  said  that  neither  genera]  faraduaitoa  aoe 


INSANITY, 


441 


ccntiol  B&l^oiurtioa  weatrd  to  be  nifficknt  to  aco^mpluh  loura  than  b  related  b  thf 
above  ilevriptinn,  and  finally  it  failed  in  gUe  marlcei]  relief.  The  palieni  was  taken 
hy  ha  fiiendi  to  am  asylum  aod  (MuieJ  from  utxler  our  Dbscnralioa. 


.VtHofi-iHte  injauUy  in  a  marrini  taity — Grtat  mitatuhoty  ;  constant  wie^ng ;  at 
Umpti  ta  ctntimit  tHteiUt ;  ttttemptt  at  Uttnmthu  ;  Utt  ffjitth  ;  attatkt  t>/  tiumi- 
tuit ;  Aeaviiig,  itaiimg, grating,  iimting  itntaticn  in  tt^maxh  tiid  aM^mtn , 
uniialeral xtD^atiitg ;  bytttrtent altatti  0/  crying^  Itygtung,  atid  untuiial  tUKtfi' 
ti^iitytn  tlititidly—GraiinalaHd  sItaJy  rttavery  untler  antral  ga/vauitatiait  9/ 
tht  ttrvie^  tympathHk,  nmbineii  taith  eoJ-iiver  oil  frntihi^H, 

Cmk  XX. —  Mn.  S.,  a  married  lady  of  miJJic  lire,  was  referred  to  us,  Octobei 
19,  by  Dr.  11.  Gregory. 

The  pittent  wai  pretty  evidently  suGTering  from  menopauK  mania,  of  Kveial 
mutuhs'  Uandiiig,  and  evuiL-ed  no  disposition  lo  recover.  Sfifi  aitribuietl  all  tier 
tympionis  to  the  UK  of  the  vei^no]  syrin^,  but  there  wat  no  evidence  of  this,  and  ibe 
caae  waik  pretty  dearly  oiie  of  mania  dependent  on  Ihe  ljct;inniiig  of  (he  change  of  life. 

The  patient  would  never  sit  liinoH  :  all  (iiy  loi^  ilic  walked  and  walked  th«  floor  of 
Ihe  liouae,  Mjm&linae&  dlandiiig  Mill  a  inuinent  to  look  out  of  the  window  or  cuiitctsc 
or  to  look  vacanily  into  spncc ;  buc  never  would  fit  far  a  moment  or  eiren  lie  down 
on  a  loiin);e ;  at  iit^ht  ouly  wuulJ  slie  go  to  l>ed. 

She  would  weep  for  hours  together,  ttnd  when  not  weeping  was  heavily  deprened. 
Tier  ruling  dedre  was  Co  commit  niJcide,  and  niosc  rcAuIulely  idie  tried  to  hiaive  liefself 
lo  death,  but  faiWl  in  the  attempt  for  the  reason  that  she  could  not  resist  the  tempta- 
tion lo  take  a  bile  uow  aiid  then,  allhongh  shie  did  nut  fiartake  of  3  rt^uUx  oieal  for 
•everal  weeks.  She  wasnalurally  tery  ficahy,  and  had  lost  fifty  poutuls  in  weight.  She 
tried  lo  get  hold  of  the  ballcnes  that  were  left  at  her  house  in  order  lo  dnuk  Ihe  add 
■olutian.  and  her  husband  was  obliged  lo  take  away  the  boiilcs  after  each  applica- 
tion.  The  ]>atieRt  had  be^id«  inaiiy  vague,  nervous  syinptotns,  such  as  uumbncw  and 
tearing,  r<illing,  heaving,  burning,  binding  sensations  in  ihc  stomach  and  abdomen. 
Attacks  of  unilateral  swelling  od  the  left  side  came  oa  at  tUnef,  and  the  left  side  in  all 
respects  was  weaker  tlisn  the  right. 

We  suspected  that  all  the  symptoms  might  be  more  or  1<«  rcflw  from  the  mem*, 
but  llie  palieni  would  nut  yield  La  our  suggestion  that  some  gyiiLecologist  be  called  in 
to  make  an  examination. 

There  was  ten<lcinc<iB  over  the  orarian  r^ou,  especially  on  llie  left  ude,  and  also 
lendcrncss  on  the  dorsal  and  lumbar  vertcbrs^  and  at  limes  along  the  entire  length  of 
lh«qrine; 

It  teemed  probable  that  the  patient  would  have  to  be  sent  to  an  asylum,  but  as  hct 
huiband  was  so  situated  that  he  could  give  bcr  close  attaitlon,  vre  decided  to  first  ex- 
hautt  treatment  by  ctectriclty  and  internal  mc<1icatian. 

We  used  central  galvaniiatiati  varied  by  galvaniiatioo  of  the  cervical  sj'mpalhetic 
•ad  iplne,  and  pre^anbcd  for  internal  h«  the  cod-liver  oil  etnuldon.  She  w.-u  fomid 
lo  lie  very  susceptible  to  clectcicity  :  only  genlte  currents  and  sliort  applications  wcie 
borne,  and  when  thus  iiKd  Ihe  scilative  effect  was  excellent;  hut  when  carried  be 
yond  a  certain  point  irritation  rather  than  sedation  followed.  The  applications  were 
made  on  the  avera^  about  three  limes  a  week,  for  fuur  monthii,  with  at  first  slow  and 
almost  unperceptible,  and  aflerwards  with  rapid  Improvemenl,  and  with  rllimate  and 
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permftDcnl  ncoverj.  A  jreor  uid  more  kfter  the  treatment  was  abondoDod,  tlie  [aticnl 
hail  fully  regained  and  ttUI  reiabi  all  her  Attb,  health  and  spirits. 

The  above  case  seetns  to  us  tu  iUtistrate  the  following  points  : 

1.  The  welt  known  fact  of  the  curability  of  luenopause  insanity,  even 
when  ihcsyrnptunis  areufthc  war<it  character.  In  the  case  of  Mrs.  S.  alt 
the  symptoms  were  bad  symptoms.  At  times  her  nuniacal  attacks  were 
so  violent  as  to  be  absolutely  alarming,  and  twice  at  least  we  had  reason 
to  be  considerably  terri&ed. 

2.  The  advantage  of  combining  medical  treatment  with  various 
methods  of  decimation.  Although  the  patient  herself  and  her  husband 
attributed  the  result  to  the  electrical  treatment  alone,  yet  in  our  omi 
judgment  the  credit  should  be  divided  between  the  medical  and  the 
electrical  treatmcDt,  and  the  clement  of  time  should  also  be  considered. 
The  patience  and  perseverance  of  tlte  husband  and  his  constant  atien- 
tion  should  be  considered. 

3.  The  fact  that  electricity,  cautiously  used,  nuy  be  of  great  service 
even  when  it  Is  not  well  borne.  Mrs.  S.  never  could  endure  a  long 
or  strong  application,  even  when  she  had  been  long  under  treatment, 
and  by  some  tlie  case  miglit  have  been  given  up  as  not  adapted  for 
electrical  treatment. 

4.  The  principle  tliat,  in  the  treatment  of  insanity  by  electricity,  the 
applications  should  not  be  confined  to  the  brain,  but  should  be  made  so 
as  to  aifect  the  whole  central  nervous  system,  which,  primarily  or  second- 
arily, must  be  more  01  less  involved  in  nc:axly  all  ^thases  uf  insanity. 
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Am  exceedingly  interesting  point  in  the  consideration  cf  congestion  of 
the  nerve-centres  is,  the  discrepancy  between  the  obserred  symptotni 
and  the  authoritative  statements,  in  regan]  to  tJie  necessary  and  con- 
stant relation  of  certain  symptoms  with  that  condition.  In  pathological 
conditions  of  the  brain  and  spinal  cord,  more  perhaps  than  with  othei 
organs  of  the  body,  it  is  difhculi,  nay,  utterly  impossible,  to  associate 
a  long  list  of  distinct  symjKoins  with  some  change  or  tendency 
to  change  of  structure,  and  say  that  they  invariably  exist  as  ctfcctf 
and  cause.  What  we  tenn  distinct  variations  from  the  physiologi- 
cal conditions  of  the  great  nerve-centres,  so  markedly  ajid  undeniably 
nin  into  and  avi:rla[i  each  other,  are  so  frequently  as  it  were  intertwined, 
that  it  is  hard  for  the  most  careful  observer  to  do  more  than  to  arrive 
at  apprOKimately  correct  conclusions  as  to  the  actual  pathology.  Irri- 
tation and  congestion  of  the  cord  may  coexist.  Congestion  of  a  severe 
and  chronic  character  may  simulate  actual  sclerosis,  and  hysteria  n&scv 
dated  with  a  mild  form  of  either  irritation  or  congestion  may  give  rise 
to  symptoms  of  anxsthcsia  and  such  decided  impairment  of  clectro-niu»- 
cular  sensibility  as  to  completely  mislead  the  practitioner  and  suggest 
the  existence  of  serluus  organic  disluibance. 

These  remarks  will  be  more  fully  appreciated  by  referring  to  several 
of  the  illustrative  cases  that  follow. 

J^ogrtifsis  ami  Trtaiment. — The  relief  that  is  afforded  by  electrization 
in  the  ordinary  fo^ms  of  passive  spinal  and  cerebral  congestion  is  quite 
constant  anil  reliable. 

Galvanisation  of  the  brain,  spinal  cord,  and  sympathetic  are  of  course 
to  be  used  and  should  be  attetnpled  with  more  or  less  thoroughness  ac- 
cording to  the  indications  of  each  individual  case. 

General  faradization,  however,  should  not  be  neglected.  There  are 
very  few  cases  that  will  not  receive  benefit  by  its  judicious  employ< 
inent. 
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SuJtitH  oiutt  c/tongMiiM  of  tie  tord  atfKiaitJ  with  tymptomt  t/  irritttrnt—Stfid 
Ticovtry /oiiawt  gtntral  /aroJuttitm. 

Cms  XXI. — Mr.  U.  W..  a  youth  aged  17,  Iml  exceptionally  mature,  lioth  tn 
physkal  and  menial  ciidowineiits,  wu  rcfen'cd  to  us  by  hit  phv'ticiaii,  Ut.  Juhn  J. 
Cianc 

T^ib  patient,  who  was  a  Kodcnt  at  Harranl,  uatod  Ihat  aome  weeks  previously  he 
had  one  aflcnioou  walked  quite  brbkly.  and  for  a  coittiderable  lcii);tli  of  lime,  aitd 
while  in  A  Hale  of  partial  pcnpiration  had  reclined  upon  the  gran  uniil  aaenv  of 
chtlliiic^  warned  him  of  hii  inipruikoce.  During  the  rest  of  the  Jay,  a»d  oo  retiring 
at  ntght,  he  observed  no  unusual  syraplom,  but  in  the  morning  the  legs  w«.-re  foami 
to  be  ttilT  and  weak,  ouociatcd  with  a  decided  lou  of  co-otdmating  power.  In  khcil 
llie  patient  wa&  hufTering  fdira  incomplete  paralya&  in  a  panplt^c  form.  There  wai 
•Il^bt  but  marked  lcQ<ierncu  aloojj  the  spine  om  pretsurc,  but  no  cxagj^enitioa  of 
reflex  excilabilily  in  the  Ilmbt,  and  no  apprei-table  impairment  of  cleclro-miifc 
cular  contractility  or  tcnftibilily.  .  An<cvlhesU  waa  (|uiie  marked  in  the  calvea  of  the 
lag&  and  toes,  but  any  Miction  of  lingltng  was  altogether  wanting.  Paini  in  tha 
bock  and  limbs  were  not  increased  by  motion,  but  the  [aiient  complained  of  tome 
diKumfort  alimg  the  tpine  that  was  irK-reaied  at  iiij;l)t  by  the  warmth  of  ihc  bed. 
It  teemed  »utBcienlly  dear  that  the  caw  wu  one  of  ipinil  congestion,  atid  our  fint 
ihuught  WU.S  lo  trui>t  to  galvaniution  of  the  &pine,  but  on  fuiher  thought,  and  laViac 
into  coui']eratl4>a  I  lie  recenlncM  of  the  attack,  and  the  remarkable  effectf  of  genenl 
fuudualion  hi  etiualizing  the  circulation,  we  submitlod  the  patient  to  a  mint  iborouch 
but  mltd  itamt  of  the  la»t-name<l  method,  and  directed  him  10  callagcun  tn  ihecoone 
of  a  couple  ofdayfc  On  hit  return  we  fuHftJ  that  the  anmlhnix  hod  olmoitt  entirely 
Ka»ed  to  annoy  him ;  hU  Umba  were  more  sup^ile  and  ttronger,  and  there  was  amaiii> 
fett  tncreaee  in  the  power  circo-oidinatiun.  SubMantially  the  tame  method  waa  em* 
ployed  on  vevcn  'liflercnt  occaMon«  from  M*y  Jih  to  May  Ijih,  when  he  reiuincd 
lo  hb  ttDdics  completely  recovered. 


In  the  case  above  cited,  anxsiliesJa  was  a  prominent  tymptoin,  wliile 
(here  were  absolutely  no  sensations  of  formication  or  tingling. 

Tenderness  on  pres&ure  along  the  spine  was  decided,  and  yet  we  find 
vimotis  authors  staling  Uuil  in  s|>inal  congesuon  not  only  is  tliis  synip* 
torn  wanting,  but  so  aJso  is  anxsthesia,  while  the  sensations  of  formica- 
tion and  tingling  in  either  the  toes  or  fingers  arc  ahnost  invaiiablf 
present. 

Soineliines  the  symi'toms  of  one  pathological  condition  may  l>e  the 
more  prominent — sometimes  the  symptoms  of  another — ajid  occasional- 
ly it  may  he  observed  by  one  whose  experience  is  at  all  extended  that 
apinal  congestion  and  irritation  occur  together  as  affections,  so  to  speak, 
coordinate  and  coequal.  In  this  case  congestion  t>f  the  cord  wxi  un- 
doubtedly the  predominant  condition,  while  the  s)-mptom  of  lenilcniesi 
Along  the  s[>lne  on  pressure  rendered  it  ev-ider.t  that  irritation  was  pres- 
ent as  well. 
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Sfiirnt Undtrnas  along tht  tower  fcrti»n  of  tkt  spine  m  prettmrt  fisUnwtd h;'  pain 
in  tht  homtU  and extrtmitiet— Impaired  melar  poxiter,  /U.^Imtrovemenl  under 
spinal  galfartitatiam  after fatlurt  «/  general  /areulitalion. 

Case  XXIl,-— At  an  ttIii«tntion  of  a  verj"  consiJ«rable  Ion  of  power  in  tlie  lower 
limb*  from  well-marked  spinal  L-fingcMii>i),  we  refrr  to  cTic  ca^  of  a  marrit;)!  laily  t-^rrA 
35,  who  wu  ptacod  ander  our  care  by  Dr.  J.  O.  FArrtngton.  Som«  four  yeun  pre- 
vionsly  nhe  first  began  to  notice  certain  i^mpcnnu  for  which  ihc  cnuki  nut  account^ 
out  which  evirlendy  indicated  some  disturbance  of  ihe  eirculatiun,  and  possibly  soitM 
slight  spinal  iirliation. 

She  was  ihcn  regarded  as  hj-stericul,  and  -vfts  really  tormented  with  many  of  llioM 
vague  and  various  symptoms  which  accomjuiny  Ihia.  condUion.  A«&omieil  with  her 
^neral  nefYotu  iltsireM  at  that  lime,  however,  were  a  number  of  ipeci;il  lymptomii 
which  «he  readily  called  to  mind  on  Iwing  closely  questioned.  The  most  prominent 
of  iheM  was  a  seniation  of  tendern»«  when  by  any  accident  or  design  prcMure  wat 
maile  over  tlie  lower  part  of  llie  spinal  cor^r.  She  recollected  also  lliat  this  wfinlioo 
of  tendemesa  was  accompanied  by  pain  in  the  lower  port  of  tl)e  bon-elt  And  In  the  ex* 
tremilies  and  fcrj^uently  a  di«))o<iit ion  to  nauwa. 

TIkcK  tymplom«  becaine  neither  mnch  aggravated  nor  de^dedly  Improved,  but 
continued  to  annoy  he;  until  a'lout  five  inonilu  before  she  ctune  under  our  obaerva* 
lion,  when  a  greAt  ctiange  for  t  he  wnrie  manifested  itself. 

Quite  suddenly  she  found  that  tlie  powei  i)f  Womolion  was  considerably  Impaired, 
Slight  exerc:l<<e  fatigued  her  more  and  more,  unlil  frnjlly  she  wAt  una!itc  to  walk  more 
than  a  few  hundred  feet  without  becoming  excessively  fatigued.  There  was  a  sense 
of  beaviocis  in  the  Icnees  and  feet,  and  frecjuently  it  required  all  ber  efforts  to  over- 
come this  feeling  of  hcl|)lcssneti  aad  move  around.  There  was  no  annstliCKla  ;  but 
■he  complained  nf  a  conitant  tingling  in  the  fingcn  and  Iocs. 

Preantrc,  when  made  over  any  portion  of  the  tpine,  caut«d  no  feeling  of  lendemeai; 
but  at  night  the  warmth  of  the  bed  frequently  produced  a  dnl!  aching  of  the  cord, 
which  effectually  pt(.-vcnted  »teep.  tiotli  night  and  day  slie  was  annoyed  at  inlcrvala 
with  parovysms  of  fthartne«i  of  lueach. 

Hoping  to  Kiualuc  the  dtcutation,  anti  thus  help  to  relieve  the  congestion  which 
was  supposetl  to  e«(*t,  we  made  use  of  the  faradjc  current.  We  could  accompEtsh 
nothing  with  it,  and  reMortetl  to  the  galvanic  current,  ])IacLng  the  negative  electrode 
at  the  coeryx  andpas-Mng  the  po!tiiive  up  and  dfiwn  the  spire — spinnl-cord  current. 
The  application  was  ailminiitcred  every  other  day,  and  was  fwUowred  by  good  resuItL 
The  wnuition  of  linglbig  of  which  she  complained  was  entirely  dis^ipIlted. 

The  annoying  shortness  of  breath  was  so  much  relieved  that  it  was  only  occasionally 
and  at  nigiit  thai  she  was  iroubleil  by  It.  Her  feet  became  permancnlly  wanner, 
and  she  »a>  able  to  increase  somewhat  Iicr  amuuut  of  exercise  wilhoul  sufTciing 
fatigne.  The*e  result*  were  accomplit,hefl  in  two  months,  during  whicli  lime  thirty 
applicttions  of  ihe  galvanic  current  were  made. 

The  prominent  nymptont  which  poiated  to  spinal  irrilalioD  ai  the  original  difBiult) 
In  the  caw  ofihitpatirtit  was  the  sen^liveness  of  the  spine  to  pressure,  and  the  ac 
com[iaoying  naux-n  and  pains. 

The  symptoms  which  indicated  the  later  stages  of  cougestioa  were : 

First ^loconipleie  paralysis  m  a  paraplegic  form. 

Secoott — A  coaslani  tingling  in  the  toes  and  lingers 
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Ttiiid—A  dttU  achtag  along  tbeijnitev  cauwd  by  warmth. 

Founh  — Shonn«s  of  brcalh, 

Theiw  symploms,  together  wJth  the  kbaencc  af  wme  of  Uie  promincDt  imllcalkiiu of 
nyeliiH  viz.,  aiumheaa,  paraly^ii  of  the  bloilder  tad  fphinctcr  ani,  impairment  of 
klectrg-contractUiCy  and  clectro-KnNl'iiily,  aaJ  alM  of  leiiJernea  on  preetitc  along 
the  spine,  which  does  not  accompany  the  gnrer  Ai*c»**%  of  the  con)  when  not  aaco- 
ciated  with  Bpiiutl  Initation — all  ihcM  liUly  confirmed  the  dbgiious  of  congcstiao  of 
the  cord. 

Cerebral  etngtUivH  in  a  T**"*!  <^' — Al/aekt  brought  en  when  mrting  em  a 
tearimg'mafAine — Great  tem^rary  relief  under  eeutral  gahfatiu%tien^  gahfoni- 
KtttioH  ef  lAe  ^•mpaihtlit^  and  bremide  ef  fotauium — Rtlapee  under  tkt  earn* 
tintttttiaH  of  the  exciting  e*Hie. 

Cask  XXIII.— E.  A ,  a  ijirt  tweniy-fotir  year*  of  aje.  CAme  to  i»  represent' 

ing  ihM  f'Jr  four  montht  *he  \\a>\  suffered  from  attacks  of  fulness  «f  tlw  li«d,  flmh- 
ing  of  the  face,  with  bunting  feeling  that  cmme  on,  smetimes  every  day,  e^pecUlljr 
in  the  afternoon  and  evening,  when  ilie  had  been  hard  at  work  on  Itie  Kwing-machinc 
She  was  employed  in  a  shop  where  she  was  expectetl  to  work  all  day  on  the  machine. 
The  cooktitution  of  Uie  fnticnt  wa»  exccllcnl,  aiul  thcjc  were  no  eviilencc*  of  Utcnnt 
disonler. 

We  UJWd  central  ^IvanlEation,  galvwiintion  of  the  head  and  sympathetic,  and 
l^eacribecl  Viiomide  of  potassium  iniernally,  with  Immediate  and  decided  relief,  bal 
the  •jnmptomi  recurred  wbcn  the  returned  to  ttard  work  on  the  niadiine. 

Cerebral  eongesthn  and  exkaustioH  indttetd  by  wer-tMt  and  worry,  ftllaming  emre 
«f  calatrk  and natai foly ft —  Terrible inti/mnia — Tentparary  nnmbnett — Reeovery 
under  gahMinitalion  af  train  and  tenttat  tymfatAelte,  and  internal  mi  of  eod- 
Nver  oil  emultion. 

Case  XXIV.— Mr.  O ,«  genilemin  of  middle  life,  a  political  cditonal  writet 

OK  one  of  our  prominent  Wrsicrn  iicwsiKtpers.  consulted  us  for  persistent  in- 
•omnia  of  a  vcr)- aKi^vuted  character,  that  for  one  year  had  forced  him  m  try 
all  methods  o(  ircaimcnl,  inchuling  hydropathy,  homoropatby,  severe  escrdar, 
etc,  wiih  but  liiile  profit.  The  condiiion  had  come  upon  him  as  a  result  of  ever* 
toil  in  his  proreu>iuii,  combined  with  ntctical  annoyances  of  a  munt  Miiotu  chanotct. 
Formerly  the  patient  had  lufFercd  from  Ba<a]  catarrh  (chronic  rhiniiis)  and  luual 
polypi:  at  tie  cerebrai ditorder  tame  on,  Ike  etUarrhal lymftomt  ditafifitared. 

The  innomnift  hail  heen  mast  ohsiinatc:  for  weeks  and  months  it  had  been  iieoe»- 
sary  to  use  cliloiij,  else  tliere  was  absolutely  no  sleep ;  sod  recently  the  chloral  hjtd 
lost  somewhat  of  Its  power. 

Wc  gas-c  him  a  few  ap|>lications  of  electricity,  using  the  ordinary  methods  of  gal- 
raniiing  the  brain  And  cerT!ca.l  sympathetic,  aiid  gave  the  cod-liver  oil  emolaon.  He 
was  uldiged  to  return  to  his  duties ;  but  he  caiTted  out  the  treatment  faithfully,  and 
now  and  then  reported  Ms  progren.  The  Improvement  was  constant  and  pcrmoncnt- 
IIc  got  along  with  le»  and  less  chlural  In  the  course  of  a  few  weeks  be  wrote  that 
be  wu  neafly  well  \  but  be  adds  t  **  The  catarrh  is  coming  bock  %  the  drril  take  it  I " 
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The  relief  of  pain,  whether  of  a  pseud o -neuralgic  or  hysterical  chir- 
acier,or  whether  ditpeiideiit  on  truu  neuralgia  or  other  causes,  is  a  very 
imporiant  function  of  elecirizaiion  ;  but  in  no  condition  has  it  been 
more  dilTiculi  to  dUcruniDatc  correctly  in  the  selection  of  the  proper 
n)etho<l  of  elccirical  tieatinenE.  True  neuralgia,  as  defined  by  Anstie, 
iB  witliout  doubt  most  successfully  treated  by  galvanism,  while  hysieri- 
cal  neuralgia,  and  the  so  called  pseud o-ncuialgia,  which  are  simply 
forms  of  pain,  occupying  certain  areas,  and  running  seemingly  in  the 
direction  of  certain  nerves,  yield  most  readily  to  faradisni. 

More  specifically,  the  effects  oi pressure  in  X'.xc  various  forms  of  neu- 
ralgia are  exceedingly  useful,  as  guiding  symptoms,  indicating  the 
proper  current.  We  do  not  by  any  means  lay  it  down  as  a  universal 
law,  but  it  will  certainly  be  found  chat,  in  the  great  majority  of  cases  of 
neuralgia,  where  firm  ]>ressure  over  the  affccled  nerve  aggravates  ihe 
pain,  the  galvanic  current  is  indicated,  while  the  faradic  current  has 
the  greater  power  to  relieve  when  such  pressure  docs  not  cause  an  in- 
crease of  pain. 

In  the  class  of  cases  called  somettines  hysterical  hypenesthesla,  it  is 
well  known  that  firm  and  prolonged  pressure  affords  marked  relief,  while 
pressure  superficially  applied  increases  the  distress.  The  faradic  cur- 
rem  is  hctc  infinitely  superior  lo  ihe  galvanic. 

EUctro-diagr^iix  in  nenralgi.a  discovers  the  painful  spots  that  are 
detected  by  pressure  in  the  course  of  the  affected  nerve,  and  may  also 
discover  sen>itive  points  on  the  spine,  or  the  head,  tKat  might,  perhaps, 
have  otherwise  escaped  observation. 

Treatment. — Before  attempting  the  electric  treatment  of  neuralgia, 
we  should  endeavor  to  diagnose  iis  general  character,  in  order  to  de- 
cide upon  the  method  to  be  employed.  In  douhtful  caseii  it  is  neces- 
sary to  try  ill  succession  central,  peripheral,  and  general  treatment. 

The  treatment  of  the  ditfcrent  varieties  of  neuralgi*  ts  the  best  test 
of  skill  in  electro-therapeutics.  There  is  no  disease  or  symptom  in 
which  the  results  of  treatment  in  diffetenx  casu  &q  c\om,Vj  ^^^tv^  cn^ 
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the  oaiurc  anil  strength  of  ihc  airrcnt  used,  and  the  method  and  ire 
quency  of  the  applications. 

Cases  that  injudicious  treatment  might  aggravate  may,  by  the  cxer 
CISC  of  the  skill  and  caution  that  experience  teach,  be  rapidly  cured. 

The  success  achieved  by  electrization  in  the  treatment  of  neural^a 
has  been  brilliant  and  rcniarkable,  and  would  be  sufficient  of  itself  to 
entitle  it  to  a  prominent  and  indispensable  position  among  modem 
remedies.  What  is  more  remarkable  still,  is  that  this  success  has  been 
achieved  by  very  diverse  methods  of  applications,  and  ^vith  imperfect, 
indifferent,  or  incorrect  diagnoses.  All  forms  of  electricity — static.il, 
galvanic,  and  faradic — in  all  the  different  methods  and  phases  of  elec- 
trization, general  and  localized,  centrally  and  peripherally,  by  currents, 
stable,  labile,  continuous,  interrupted,  uniform,  and  increasing. 

The  pain  is  frequently  relieved  in  the  midst  of  the  application  ;  but 
in  such  cases  it  usually  returns  in  the  course  of  a  few  hours,  and  some- 
times with  heightened  intensity.  Some  cases  of  a  peripheral  character 
are  permanently  dispelled  by  one  or  two  applications. 

Klectricity  is  applied  for  neuralgia  in  the  following  forms : — 

Citfral  faraiiixaiifin  ami  antral  ga/ranizalicn, 
LocaUted  faraditalion  or  gahanisation^  central  or  peripheral^  #r 
bifih  combined. 

Cah-anixation  of  the  cenieal  sympathetic. 

Electric  brush. 

Electric  moxa. 

Statical  elfciricity. 

Electric  bonds  and  disks. 

The  magnet. 

Statical  electricity  works  well  in  neuralgia,  and  excellent  cures  have 
been  performed  by  it,  but  there  is  no  evidence  as  yet  that  it  is  in  any 
respect  superior  to  the  galvanic  ciurent  when  rightly  nscd. 

Many  ef  the  failures  and  disappemtments  with  the  use  of  electricity 
in  neuralgia  have  been  dne  to  the  mistake  of  treating  constitutional  dit- 
eases  locally,  and  the  central  varieties  peripherally. 

There  is  one  difficulty  in  the  treatment  of  neuralgia  by  electrization, 
and  that  is  that,  on  account  of  the  intensity  of  the  pain  of  the  disease, 
patients  are  sometimes  unwilling  to  give  the  treatujcnt  a  fair  trial. 
This  difficulty  is  further  increased  by  the  fact  that,  during  or  after  the 
first  two  or  three  applications,  the  pain  may  be  temporarily  aggravated^ 
especially  if  the  sittings  have  been  long,  or  with  currents  of  too  great 
strength.     For  this  reason  the  initial  applications  should  be  made  with 
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raulion,  ami  llic  operator  should  not  yield  lo  rhe  temptation  to  renew 
llicm  too  frequently.  Once  a  dav.  or  every  oUitr  day,  is  about  as  often 
as  api'licaiions  can  be  undc  with  benefit 

As  before  remarked,  the  methods  of  3.pi>Iying  electricity  unist  be 
stiidioH&ly  adapted  and  varied  lo  each  case,  ever  keeping  in  mind  that 
ait  mrffwds  a/  using  eleeiricity  iiai'e  been  suiceis/ui  in  this  disease,  and 
that  no  ffiie  method  is  uni/omiiy  successful  ei'en  in  the  same  variety. 

Uesidcs  the  cenirjl  .ind  general  t-leclrizalion,  which  is  to  be  con 
ducted  on  genemi  priiicipies,  in  order  to  affect  the  seat  of  the  disease^ 
all  the  varieties  of  neuralgia  may  demand  more  or  less  treatment  in  the 
seal  of  ihe/rt/ff.  For  this  pnqiosc  wc  may  use  either  faradic  or  gal- 
vanic currents.  Ahhoiigli  the  faradic  achieves  excellent  results,  yet 
some  of  Ihe  mn^r  striking  results  have  been  ubiatned  by  the  galvanic. 
it  sometimes  relieves  the  pain  when  the  faradic  only  aggravates  it.* 
After  the  faradic  current  has  been  tried  a  few  times  without  effect,  we 
should  never  abandon  the  case  wiilioiit  resorting  to  the  galvanic,  or  ihc 
two  currents  may  be  used  alteniarely.  As  a  rule,  the  a|>plications 
shoidd  be  short  and  made  with  a  miUI  current ;  bnt  this  ndc  has 
niaikcd  exceptions.  There  appears  to  be  no  s]>ecial  law  in  regard  to  ilie 
direction  of  the  current.  The  strong  statements  that  have  been  made  in 
regard  to  the  superiority  of  one  or  the  other  pole  in  this  disca.se  are 
not  snstained  by  cxi»cricnce.  Kilher  the  positive  or  the  negative  |>ole 
may  be  placed  over  the  painful  points,  %vhilc  the  other  pole  is  applietl 
near  or  on  the  nerve  centre.  Tims,  in  neuralgia  of  the  anus,  one  [mlc 
may  be  place<l  at  the  cilio-spinal  centre,  and  in  neuralgia  of  the  legs 
on  the  lumbar  vertebr.f,  and  the  other  on  the  affected  nerve  (spJnal- 
cord-nerve  currenr). 

The  electric  maxa  \h  sometimes  more  rapidly  eOicactous  in  neuralgia 
than  any  oilier  method  of  treatment.  It  is,  however,  a  very  painful  prc>> 
ccdiire,  and  many  patients  will  not  bear  it. 

It  seems  lo  act  partly  as  a  counter-irritant.  Meyer  very  strongly 
advocates  the  use  of  electric  nioxa  in  neuralgia,  and  sustains  his  poiiiuon 
by  a  ninnber  of  cases.  Very  few  American  patients  in  the  higher  walks 
of  life  will  bear  this  severe  method  of  using  electricity. 

Ceiierttl  Prfl^nosis. — Take  the  ca^es  as  ihcy  arise,  without  reference 
to  their  i>atholcg>*,  duraiion,  or  situation,  neuralgia  offers  a  very  favor- 
able prognosis.      The  majority  of  cases  wilL  be  cured  or  perinanenUy 

*  The  slatcmenlE  of  N'iemcycr  ami  otlicn  Ihit  (he  fjrailic  ctiirent  never  succccJi 
in  neufid^ia  after  the  galv.inic  fail»,  U  not  Irue,  We  have  Men  *rvcra]  ca*c»  wliere 
lelicf  w.u  oKiainetl  ti)  raraiJuatiwn  wvUi  KiiUicf's  coiuiiuuua  taadunr,  itler  gaJvuu 
■aliOH  ba>J  M  l>.-A«t  Ai>parcnily  failed. 
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improved.    Pattentswho  have  the  nenralgic  consttiution  are  liable  toj 
relai>se  in  lime,  however  successful  the  treatment  mav  have  been. 

Pttrtxytmat  attatts  »/ 1  mut  liiUrtsting  general  nmmtffia,  atueiat/JvtUi  mumr"- 
rhagia  and  aniriihesia,  treatrd  ^  general  faradUathn — Reevvery. 

Cask  XXV.— A  larfy  nbout  30.  married,  but  chiUlcss,  had  raflfcrcd  from  sevenl  mU- 
eftniagct,  uitl  lud  been  treated  for  n  lung  lime  far  ulccraliun  oC  ihe  neck  of  llic  mimii 
Ihw  finally  yfelited  to  local  appHciiIons.  Up  to  Iter  iwxniy-firih  year  she  had  enjoyi'l 
a  good  ilegree  of  heallli ;  but  aiivt  liec  firKt  mUatrriagc  the  liei^iin  to  Enfler  from  p(\t- 
longe^  tnenitruaiion,  attended  with  an  exce«^uve  flow.  Thi*  condition  had  extcttd 
but  a  fen*  monl)iii  when  the  patient  t>cgan  Ic  cxi^riencc  certain  wandering  paini  ova 
the  Ixxly,  that  became  more  marked  at  each  reium  of  the  caiamenin,  uniil  the  par 
oxywis  Ukuincd  a  mi^t  dUtrcuiug  character.  They  were  nsunlly  usfaicroJ  in  by  len> 
demessand  a  sensation  of  upprcwEon  in  the  epigaMric  regioiv  Titroiigltout  the  whole 
attack  the  niml  acute  pain  woalil  be  felt  over  llic  tlomach,  and  was  attended  bj  vomit- 
ing;. Mail  of  tlw  tjody  wa.^  howevet,  to  a  greater  or  less  cutent,  BfTecicd  by  the  di*- 
Older.  The  head  became  tender  to  the  toucl't  Uie  cyei  intolerant  to  light,  ami  the 
tongue  and  mucous  turfacet  of  the  cheek  would  lie  a(riN.'ted  by  a  very  annoyfaig  wnm- 
lioQ  of  ntunbneu.  Several  times  a  year  the  was  pcostratcd  by  symptoms  that  were 
vny  mddcn  in  their  onset,  and  exceeilin^lv  alarming  in  character.  The  pnlte^  .ibnoit 
without  warning,  would  fall  to  40  or  45  in  the  minute,  and  become  to  feeble  as  lo  ba 
hardly  perceptible.  The  power  ofaniculation  left  her,  ih«  ansc^thcaa  of  the  mouth 
and  tongue  became  complete,  and  her  face  assamed  a  dea^^ly  color  and  ooldneaa. 
These  attacks  lasted  from  twenty  minutes  to  half  an  hour,  and  were  treated  by  the 
fiee  use  of  brandy  and  carb.  of  ankmonia.  An  applicatioa  of  general  faraduation, 
given  one  evening  during  one  of  her  pcrto<lccal  monthly  paroxysms,  so  reliered  the 
diilreH  that  a  quiet  night  was  the  result.  It  may  be  here  staled  tlul  il  was  irapoaa- 
file  for  the  p.itient  lo  take  opium  in  any  fonn  wilb  benefit.  Exceedingly  small  doses 
caused  sleegjleuness  and  the  most  intense  excitement.  Invariably  after  this  w«  found 
that  a  similar  applicniion  would  greatly  alleviate  the  pain.  THc  main  idea,  however, 
was  lo  strengthen  the  general  system,  and  so  prevent  Iticsc  attack^  For  ihi*  purpow^ 
on  every  other  day  she  was  irciied  thoroughly  by  general  faradization,  and  it  was  not 
long  before  its  good  effects  were  manifcrt.  In  the  coiirw  of  a  few  week*  her  pouen 
of  endurance  had  locreascd  considerably ;  and  when  the  menses  ajijienrcd  iliey  were 
of  aborter  duration,  and  attended  wllh  a  much  leu  la»s  of  blood  tlian  before.  T!.e 
neuralgic  pains  were  bieonparably  less  severe,  and  slie  rallied  to  her  usual  condliiua 
biuiwdialcly.  After  remaining  under  treatment  several  montha  she  was  di*diaq;«d  as 
cured.  Five  years  have  elapsed  since  treatment  was  discontinued,  but  ihehatiwi^ 
suffered  since  from  those  occiMonal  attacks  of  which  mention  was  made.  Her  moi* 
MS  continue  tegular  and  normal ;  and  it  is  only  after  great  ptovocalioa  that  she  eta 
experiences  paioxysnu  U^e  those  of  former  days, 

iHltrcMtai  metralgia  0/ a  malarial  origin-~'Reeotfery  umdtr  general  faradaati^m 

and  quinine. 
Case  XXVI. — A  young  man,  who  ha^l  been  exposed  to  the  Hardships  and  dangers  of 
a  frontier  life,  was  suffering  from  distresMng  |«ins  ihat  were  conliiied  mainly  to  the 
Iboradc  region  on  eit^iet  twle.    Several  nwnlb*  before  wc  aw  him,  fae  was  proMrated 
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br  u  ai:u)c  of  Intermittent  Tintr  tliMt  recnnred  several  liuaes  afiei  l>eiD2  apjurtiitly 
fubdued. 

One  of  the  paroxyvns  wns  followed  hy  what  his  att?Dilant  called  "  traur  agua  "^ 
1  temi  not  onfamiliar  lome  )«ars  ago  to  ttw  rcsWents  of  ina1.triAL  ttisirictt. 

It  was  chiinicteriicd  by  lOufp  shuotiri);  ]>ams  all  over  tlie  hrnd  anil  face,  alfectiiig. 
bovrcvcr,  especially  tlie  forctieail  wirt  cyes^  The  nciiralg.c  symptoms  soon  alianiloned 
Ibex  pMtt,  but  in  ■  fciv  Avfi  uianifested  themselves  hy  .-ut  unu-^ually  severe  jiarosyno 
h  the  cheit  and  side.  For  a  number  of  months  before  he  fell  under  our  noik^  at* 
ticks  of  tnleTc<o«tal  neunil|;i3  ocxuired  at  intervals  of  two  oc  three  days. 

The  patient  experienced  no  diitinct  chilb  or  marled  fclirile  cxdiemert,  but  the 
nciimtj^ia  n-ai  almoU  isvaiiahly  usIicieJ  in  by  acicepins  wnsation  of  cold  down  the 
l>acV  and  limbs.  The  exciiing  cause  was  tuwioubledly  a  malariil  paiion.  The  diaf  • 
VKKit-  of  nevniJgia  wai  unntUlakably  conrirmeil  by  the  [vesence  of  that  almoM  pathog- 
nomonic tytnptom,  namely,  pain  on  preuure  over  the  spinous  proceas  of  one  of  the  lasi 
dunal  verlcUne.  A  gradual  improvement  look  place  under  frequent  )^eral  applica- 
tions nf  the  faradic  current.  Quinine  wa^t  ailministered  at  the  same  time,  so  that  we 
cannot  state  in  {wsilivc  Ierin&  ibe  exact  amount  &f  ciedit  due  electrisation.  It  mu»t 
be  refncmhcretl,  however,  that  quinine  had  been  taken  for  some  time  previously,  and 
was  followed  by  no  \-ery  marlied  rcsultN,  The  fint  application,  adaiijiUiere<l  during  a 
paroxyrtn  of  ordinary  severity,  was  foUowc^l  by  a  very  grateful  ametioration  of  the 
pabi,  and  tn  all  subscjuent  attacks  the  same  ickuIc  fuUuwed. 

Ten  apiilications  served  to  break  the  periodicity  of  the  aitarks,  and  to  place  fain  oa 
a  plane  so  little  below  tbe  nonnalr  that  it  could  be  (airly  said  of  htm  that  he  was 
•pitfoxhnalely  cured. 


tnitrtvttai  Httn-afgia,  rauUing  from  exposure  to  <amp  U/f — Sfital  Irritalitm — 
Dthility— Rapid  improDemefit  and  recmtry  untUr general  /araJiMtuiH. 

Cask  XXVll. — U.  M.  C,  aged — ,  served  in  a  Ncv.ida  rcj^imeiit  for  three  year* 
during  the  war.  Some  rime  afitr  hit  discharge  he  was  taken  with  acute  articular 
rhcumaiism.  which  contined  him  to  a  ho«pilal  during  the  whole  ii,inier.  The 
spring  found  him  much  better,  and  in  a  few  mrmth^  there  Mcmcd  to  be  no  vestige 
of  the  rheumatism  remaining.  His  hrnith  remained  delicate.  In  July  he  w.is  Taken 
with  severe  pains  in  the  back  and  side,  lie  was  irrnted  b^-  loculixcd  fatadiiaittm 
a  few  times,  hut  with  no  appreciable  bcnctit,  'ilie  neuralgia  increased  in  severitv, 
locating  itself  between  tbe  rib*.  In  Januar)- he  applied  to  u»  for  treatment.  He  was 
then  extremely  weak,  and  presented  a  rcmaikalily  aiuniiic  a[>pearance.  There  wai 
ttty  jreat  hyperesthesia  over  the  peripheral  cxpnntion  of  the  affected  nerve&  Slight 
kritaitan  by  the  finger-iuiil^  or  moderate  pressure  l>y  the  tutrid,  wu  rafTicimc  to  cause 
convderaLIe  pain.  On  account  of  hw  extreme  sensibility  he  was  obliged  to  sulistitnle 
fur  (he  coarac  red  flannel  which  lie  hail  been  occuntomed  lo  wear,  an  undershirt  of 
finer  texture.  Pressure  made  upon  the  fintt  npinom  proceisei  of  the  dor&J  vcrtobne 
caused  no  uneo^Jncss,  but  when  the  sixth  and  $evi;nth  processes  were  firmly  pressed, 
the  patient  loudly  complained.  Wc  gave  him  a  general  applicatioii,  as  li  oiu*  custom 
In  such  case&  Tlie  whole  system  was  Iironghl  powerfLilly  under  ifie  InHuencc  uf  the 
laradic  cunent.  The  application  at  once  relieved  him,  and  In  three  dayi  c  was 
directed  to  come  again.  Durinyj  that  time  he  sutfirnl  much  lest  than  u^ual ;  his  ap- 
pMiir  ban]  improved,  and  for  the  first  ihiny-sii  bui  i>  lie  wu  mu  It  inH|*ofu«d.      U^ 
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vbilc?!  ut  for  od«  moath.  diirisB  which  time  he  receired  ten  jenerjl  Apj}licatioi&    The 
unpruvcment  w»  utiinicmiptcd  frum  ihe  bcsinniitg. 

After  I  he  fourth  ajitilication  he  Bufrciol  no  nii>re  From  t)i«  neiirulgto.  Tl>e  cului 
retLurieil  to  his  cheek  ;  lri&ap|>ciUc  liccame  more  vi^jorous  from  week  to  week,  uwl 
whei\  he  diioaniiimeiJ  trefliinent,  wc  rc(£aitloi  liua  w  compiiratit^r  weU 

This  case  called  for  a  powcrftil  constimtional  tonic.  Hardships  in 
the  army  and  previous  dititiasc;  had  reduced  liis  stock  uf  vitality  in  such 
a  degree  that  our  ordinary  internal  tonics  failed  lo  produce  their  accus- 
tomed results.  His  ner\-ou.<i  system  had  been  so  shaken,  and  all  htt 
fufictiuns  so  disturbed,  lliat  he  could  not  asMniilatc  the  iron  and  bitters 
that  were  so  much  needed.  It  is  in  such  coses  tbit  general  faiadixa- 
liun  achieves  most  satisfactory  results. 

Cmfral  Neuralgia. — Under  this  head  wc  incltide  those  coses  of 
neuralgic  pain  that  ceriaiiily  depend  on  pathological  lesions  of  the 
central  nervous  system. 

The  neuralgic   pains   of   locomotor  ataxia  belong   to    this  cbiss. 
Those  who  with  Dr.  Anstie  regard  neuralgia  as  a  distinct  disease,  de 
pendent  on  atrophy  of  the  roots  of  the  nerves,  do  not  regard  these  pains 
IS  really  neuralgic.     Under  this  class  also  come  certain  varieties  of 
headache  and  cervical  neuralj^ia. 

CfphaUilsia  i^Ueadttchc). — ^Hcadache  should  be  treated  by  general  or 
localised  electrization^  according  to  tlie  indications  of  each  case.  Dry 
faradization  with  the  hand  is  used  successfully.  Stable  galvanizatio': 
or  faradization,  uniform  or  increasing,  may  be  employed.  Labile  ap- 
plications with  the  mot.-iten«d  hand  arc  sumetiuies  of  seivtce.  General 
faradization  is  more  effective  than  localized,  for  the  reason  that  in  so 
large  &  proportion  of  cases  the  patn  in  the  head  is  so  very  fre<pienily 
itymptomatic  uf  disease  of  other  ]>arts  of  the  body,  the  precise  nature 
and  locality  of  which  vrc  cinnot  possibly  detect.  Central  gal  van!  eat  ion 
is  sometimes  more  efficacious  than  any  other  method.  Relief  not  un- 
frequently  follonrs  galvanization  or  faradixation  of  the  stomach,  cr 
bowels,  or  spine,  or  g.'dvanization  of  the  sympathetic,  even  when  the 
head  is  not  touched.  ApfUcathns  i<f  tht  iacA  of  the  neck  are  sometimi  r 
more  ejffUaeious  than  direct  a f plications  t&  the  head. 

/V*j^«ww.— Although  headache  in  this  country  is  eren  a  inore 
frequent  symptom  than  dyspepsia,  yet  patients  do  not  usually  apply  for 
'rcaiment  for  dtis  symptom  alone,  but  only  when  it  is  associated  with 
more  special  and  distinct  aifcciions.  The  immediate  effects  of  electriza- 
tion in  headache  are  as  variable  as  the  patliology  of  the  symptoms.  Il 
sometimes  relieves,  souietimes  aggravates,  and  soinetim>-s  gives  only 
iK^aiive  results.    Soiiytiuncs  the  pain  is  relieved  in  the  midst  of  ibc 
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sittii^;  marc  rrcqiicnlly  (he  relief  tloP3  not  appear  for  several  hours. 
There  ii  no  reason  lo  be  iliscouraged  because  immediate  relief  is  not 
obtained.  In  very  many  of  our  cases  o(  dyst^psta,  of  anaiiiiia,  chlorosis 
nervous  exhaustion,  paialyws,  headache  is  a  more  or  Icsi  constant 
Byinptom,  from  whicli  during  ihe  treatment  they  usually  obtain  cither 
relief  or  cure.      In  rare  cases  all  other  symptoms  yield  but  ihi*. 

Jn  many  of  the  coses  of  dyspepsia,  neurasthenia,  anxmia,  and  hys- 
teria, headaclie  wa«  a  prominent  symptom,  which  was  nut  only  tCJii- 
porarily  but  permanently  relieved  by  the  treatment.  If  wc  were  to  judge 
from  our  own  observations,  electrical  treatment  is  even  more  etlicacioua 
xo  prevctH  attacks  of  headache,  by  improving  the  tune  of  Uic  system, 
than  to  dissipate  the  pain  uftcr  it  has  once  set  in. 

The  Mtfi^ttff. — The  therapeutical  rcrsidts  that  have  been  ohtained  by 
the  magnet  in  (he  treatment  of  headache  are  not  sulHciently  encourag. 
ing  to  entitle  it  to  sjiecial  notice.  Sometliing  has  been  claimed  for  it. 
but,  as  a  nile,  it  has  been  found  that  it  is  necessary  that  the  patient 
should  be  of  a  peculiarly  impressible  organization,  in  order  to  be  in  the 
slightest  degree  affected  by  it.* 

Fitqttint  a»i{  ttz^rt  kfaihtekrt  in  a  girl e/  JS/Uen  siHte  He  a^e  of  /mr — Apfr»xi 
mate  rteawry  ttnJfr  a  maitk  of  etntral  gatoattitalhii — SmijefHeHt  rt/a/Jt. 

Cask  XXVIII  — Mi«KC.,ajed  15,  con^ulie,!  u*  at  r!ie  iU37e«ionnrher  p'lyaclon, 
Dr  Everett  llctrit;lt.  Tbc  patient  w.is  small  of  tier  a^e  aitit  meii«lruatc  J  first  al  Ittr 
a^t  uf  eleven.  lu  rc^rd  to  lieretlUarjr  mBueiiL-es  it  may  lie  kAA  that  her  fallm  hail 
fiif  many  j-ears  nifTcred  rroin  perindical  allaclcs  of  h^ailache,  and  t1iai  her  atmtt, 
iitttri  of  tier  father,  had  alio  mciitliualed  at  aliout  llie  uine  e.trly  age  as  ihe  patient 
liervtr.  The  fnllowtng  w«rc  Ihe  sytrptonw  for  which  relief  was  «)iit;ltt :  Since  the 
ti^  uf  foiir  the  Iiail  stiffererl  iiUeii.*«ly  fium  hcadnchec  a«MM:ia[e<l  with  vomiling.  «hicli 
lutcfly  boil  Encreaseii  tn  frequency  until  four  out  of  the  seven  ilaysuf  tlie  week  wu 
the  ordinary  ratio  of  the  Mck  davi  to  the  well  dnyt  It  maybe  remarked,  however,  that 
at  nu  time  wa»  she  entirety  free  from  pain.  The  (general  health  and  bticiigih  of  the 
jialient  was  fair;  l>ut  the  ciiculatioii  wufeelile  and  the  appetite  not  very  good.  Cen- 
tral treatment  lieiiij;  tii'.IJcatert,  we  ticyaii  the  use  of  tliis  mrlliod  l>y  ilic  a;>|iIiuiLion  of 
I)k  galvanic  current  from  four  or<lIn3.ry  ziiiccarbon  cells  <utd  during  the  treatment, 
canslMtng  of  seventeen  stances,  and  extending  from  Mny  toih  to  June  i6t1i,  ue  grad- 
ual I  j- uicrca.<>cd  the  numlier  of  celU  to  eight.  It  wa«obMrvetl  that  the  attacks  frcatly 
dccren^ed  in  frer]UCTtcy  and  serertty,  and  when  she  left  the  city  for  the  annual  sammci 
vacrMion  !ihc  wai  hut  little  annoyed  by  her  old  enemy.  W«  learned  incidentally  that 
rabiei]uently  Ihe  patient  relapsed, 

*  Tfipier  [Annales  de  I' Elect  rot  h^rn  pie,  1863)  presents  a  r^nim^  of  wmc  not 
TCfY  convincing  exjieAmenH  of  I'Abh*  Le  Nohle  in  ilie  Ireattncnt  by  the  ma^et  ol 
headache  aiid  other  neivoua  alTections.  The  expcritnenis  were  rccoflcd  by  Aulry 
and  TUouvet,  in  "  M^moirc  tur  le  Macnjr.snic  Medkinal,"     Pniis  1781. 
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itUtmu  and  Jet^-teaUd  etf^talgim—Permamtfit  rtUtf/oUiwi  ttmirat gitMtit^ 

lian. 

Case  XXtTC. — A  patient  from  wliom  a  luree  fibrous  Icunor  of  the  nloiu  had  Iwcb 
iccnov^J  Kveral  monilii  bcrurc  sbc  fcU  uniJcr  our  observation,  comiiloincd  of  vxiA 
coiutont  anil  severe  neuia.l|:pc  painfi,  which  sernetl  Mated  In  the  centre  of  ihe  braiii, 
ih&tat  time^ihciLuoitlijisr control ofhcTMlfbothphytkAllyanJ  incntedly.  Neural^ 
lud  beeu  a  aytnptum  frum  wbidt  sbe  haJ  aiDcrcJ  more  or  less  for  >c:irs,  but  far  lea 
kcuie  in  degree  llion  after  the  operation  incntioa«<f.  From  March  I3ih  (o^b, 
1K72,  c*.ii(i;il  gulvoiilialiiMi  was  a|iplieJ  on  (iv  Dcauiom  and  with  eiureUcnt  readu. 
The  piin«,  atthough  not  entirely  dis«|Mitc(I,  became  fitr  let*  ilUtreMing  in  character, 
and  ccueJ  altogeiher  tu  exert  vnj  iiicdI^J  inllucnce. 

TJkrojt  dytcilhttta,  atiaeiAltd  with  leveri  rtfhalalgia  »f  tt»ttuyj/e-irf  ilanJing— 
DttUUd  rrlifj  uniitr  ftiiUai gafvautiaiwt, 

CASg  XXX. — Mrt  T..  who  wa*  lUrecte*!  to  u*  by  Dr.  C.  R.  Aptew,  had  for  so 
jrcansufleied  frum  »ialmoUcuti»iaiit  and  jMiiifulheaviueM  aboul  (he  he:iiland  ejreUdk 
AsBOcinte'I  with  tliis  ijrinptom  were  freijtient  periodical  atlacki  of  the  niott  intene 
n|rfa]:iJsii.  For  the  last  few  ycar>  the  patient  had  complained  of  a  local  neuralgia  of 
loiDewbat  rare  occurrence,  niilicc>)  Wy  llsuificld  Jones  as  "ihroat  d^iaeuhciia," 
Dyaptia^  was  prcaent,  with  a  iciuc  of  impeiiding  luffocatlon,  with  heat  and  dryocil 
laqwclioo  revealed  no  Inllaronuiiiin  vuffioicni  to  account  for  the  diitreu. 

The  treatoKnt  coiUutcJ  ^  auinc  25  apjilicatiuiu,  ahnrnt  nliuliy  Iry  the  qtclliod  ot 
central  i;alvLiaiiatiDn,  atid  with  ni>nl  ilecideiUy  beiiericiol  te^ulti.  The  hcarineaa  of 
tlie  head  mid  eye»  wa«  inukh  icUcnnl,  and  the  cephalalgia  uccmicd  at  Ur  j^ieatct  ui- 
lervala  and  with  less  severity. 

Tbe  ihrOM  dtflicult/  yielded  inore  readily  and  completely  tbaa  the  other  syniplomi. 

It  was  a  noticeable  fact  in  the  history  of  the  treatment  of  the  above 
case  llut  at  the  outset  a  mild  current  of  say  from  five  cells,  when 
applied  to  tlie  eyes,  while  it  was  not  unpleasant  and  i>r(rflucetl  no  aggio- 
vaiiua  of  pain,  signally  failed  10  relieve. 

A  current  from  three  cells  was  Invariably  followed  by  unmediate 
alleviation  of  pain. 

PirM4teMt   tmd  ttmumt  trfiAalalgia  «/  Ung  tt»H4img^AHatth€iia  4/  keaJ-^U 

relu/. 

Cask  XXXI. — Mr.  R.,  a  cleric  aged  23,  was  rererrcd  to  as,  April  ;5d.  bj-  Dr. 
Amd.  ilallet,  of  Ilroaklyn.  The  yonng  man  Itad  been  many  muath»a  suflcrer 
from  pcrsi^^lcnt  pain  through  the  bead,  in  all  parts  oi  it,  eren  to  the  b»cko(  the  neck. 
TrcatmrnthnJIieenofnoavjiil.  IliicuiinCilutioii  was  of  llicnerA-uus  variety,  attil  fcis 
symptom  was  agg^^valed  \rf  his  ledcntary  mode  of  life,  and  by  any  sustalncil  mental 
effort. 

EUdrit txaminatien  with  both  galvanic  and  faradic  currents  demonUraied  a  tvcj 
anu»i^ /<v>  0/ jfHtilhrfHtti  la  lAf  eurrtiu  an  aU  fariM  0/ th*  hnd,  wrlich  in  ticvltk 
can  ttxe  only  very  2ent\e  contslv     AU  tl\e  inudilicaliQiu  \A  cleclriDiiuu  wby  cat 
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plofsl  for  Tour  weeks,  wlCbotU  ntAkinff  ihe  fccblerf  iiapression  oo  the  Bymptums.  Nc 
Icinponry  relief  couM  be  obUtiuKi  eilher  (luring  or  after  the  trance.  The  ntoot  un> 
^VMla]  hct  of  all  wiu,  ibal  the  pain  couM  not  lie  teinp^arily  aggravaio<l  or  changed 
ill  chanctct,  even  by  powetful  suul  minewliac  ptulongcd  ^vaaualion.  TIk  fail 
Ute  wu  complete  i  after  four  weelct'  treatment  the  pUient  w&a  dkraiucd,  no  better 
Uki  no  wane  than  at  the  uutsct  of  (tic  liealmciiL 

The  patient  a  few  years  subse<ntent!y  committed  suiciile,  being  driven 
to  the  dcs|)erate  act  by  constant  and  unrelieved  pain. 

A  carufiil  pusl-itiurlein  exaiiiiiiaiiun  made  by  Dr.  A.  B.-  Crosby,  in  t!ic 
presence  of  Drs.  £.  5.  Hunker,  S.  G.  Amior  and  ourselves,  rcvcaJcd  no 
patbologlcal  lesion  that  would  satisfactorily  account  for  the  symptoins 
during  life. 

Si(i-Aeaiij,-Ae  {Aftgraine). — ^Tbe  results  of  our  ireatinenl  of  sick- 
headache  by  electricity  liave  nut  been  quite  cunsisteiil.  In  some  cases 
the  relief  lias  immediately  followed  treatment ;  in  other  cases  some 
tiiue  after  treatment ;  in  stilt  other  cases  there  has  been  no  relief,  tem< 
porary  or  peniianenL 

Siek'Atatiiuh^~y»imliHg—Jiro  rttuf  from /araJitatiait. 

Case  XXXII. — In  tin  cue  of  a  yxiung  Udy,  ibe  oiuet  of  tbe  paia  U  rery  peculiar. 
Without  the  ili|;]ile».t  vfarniiig,  wlien  at  diurch  or  walktiig,  at  tlte  piano  <a  encased 
In  houiclitflil  (luiies,  her  vliion  will  become  blurred.  Objects  befoie  her  »cein  to 
ilaiicc  About  in  every  ilirectiiiii,  and  &hu  Sn,  luiable  (o  rec<)|;niw  familiar  face^  No 
barocneter  tl  lo  accurate  in  imlicaiiii^'  ktonns  ai  are  ihcie  ncn/ous  syniptomt  in  fofe* 
Idliug  the  cominutluu  abuul  to  take  place  In  hcf  systeta.  Soan  the  blur  before  ihc 
eyes  p«rtiaUy  diuppcan,  uu)  a  mast  raging  headache  sets  in.  The  nricriesm  the 
temples  swell,  and  puliatc  with  great  rapidity  and  force:  Sharp  lauuiuting  puM 
Oart  all  over  the  head  aiaO  lhrou;;!i  the  eycj.  As  a  rule,  voiniiing  of  a  gniniou^loolt- 
iog  iiquiil,  mixed  Milh  bile,  accompanies  llie  other  tymplotni.  After  la&linjf  from  la 
to  34  hours,  the  severity  of  llie  attacl:  atalcK,  leaving  her  in  a  toitiewhat  licbilitaied 
state,  froia  which  she  joon  recovers.  tClectrization  failed  to  give  any  rclicC  Uronudf 
of  pot■ss^a^l  is  the  only  remedy  that  has  any  elTecE  whatever,  (iivcn  in  ilixes  of  ao 
1^.  sfl  Kwa  as  the  eyei  tKcome  blurred,  it  will  frequently  IcsKa  tbe  severity  of  tbe 
pain  in  the  head. 

In  the  ca»e  of  a  M-iter  of  the  above  the  hea<lache  Is  preceded  by  no  blurring  of  th« 
eyes,  but  is  accompanied  by  on  escciftve  and  dislrcKsing  tense  of  utrwutmsi,  causing 
the  palicii[  to  throw  her  iimbs  ami  l>'>ty  :ibout,  ant!  to  "  feel,"  to  uie  her  own  exprcv 
uiMi,  "as  if  she  would  Hy."  A  nuinlwr  of  apjilicattonsof  the  faradi^:  curtcnl  enabled 
her  lo  overcome  ihii  Feeling  of  nervouMiout,  and  thus  relieved  her  of  oii^  very  annoy- 
ai£  symptom  of  her  iJi-sonlcr.  Ijcnerally.  llK>ugh  not  always,  ui  the  cases  jum  lelalol, 
tlicK  attacks  of  lick-headaiche  occur  jut^i  before  or  during  the  menstrual  period,  tad 
(O  would  aecin  to  be  iuAueutnd  in  some  measure  by  this  fuitctiuu. 

The  true  principle  of  treatment  is  to  tone  up  the  system  by  a  perse- 
T cniig  nsc  of  general  faradization  and  central  galvanization,  vml\  qv\wx 
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tonics,  so  that  ilie  pa/oxyams  may  be  less  frequent  a.ii<l  less  levcre;  in 
other  u'oriis,  to  combat  tlie  tien-ciis  ilia//ids>s  of  wliidi  llie  sick-licadache 
is  but  a  syinploin. 

Tlic  following  case  illustrates  Uie  advantage  of  carrying  out  this  \ii\n- 
cipW  of  treatment. 

Aftgrame  of  tevtral  ytar^  ttauJtttg  in  a  IttJy  of  a  Vtrf  nerv»tu  hmferaattnl —  t'rry 

Cask  XXXII  I.* — Mr«.  K.,  n  ynitn);  marrtcil  \v\y,  <liiit)>l>tcr  of  a  jihyttcian,  was  of  a 
t)jCciAlty  ucTVuuK  or^^iniialiiin  \if  mlicriiantre,  oiul  luul  Miffervd  fioui  itcur^nl  lieim, 
>|>iiul  iniialtun,  aiul  c%|>edully  fiuin  fiojuent  ailock*  uf  tnii^raiiie.  We  IrcAted  Iki 
duniii;  llic  intervals  of  licr  acta  \%  for  iM-elve  umtt  by  c«ii(ral  (■aWanUation.  Tti«re 
wra«  itiiiiiciltaie  Imiitovciiicnt ;  llic  atiarkt  liccamc  lew.  frequent  aivl  IckK  icvere.  The 
inpruvemtini  advanced  oTtet  treatment  nu  JucaitlinucU,  uiuil  she  wasalmovteniirely 
free  rriitn  mi^Tiiine. 

FACIAL     NKURALCIA— (EPILErriFORM     NEI;RAI.C1A — F0TIIERC)t4.'S    DO- 

EASE^TIC   WUUI^LKEUX). 

Kactal  neuralgia  a|>pears  under  two  Tonus.  The  utilil  form  is  usually 
of  a  jioripheral  character,  being  caused  by  neuritis,  pressure  from  clfii- 
sion,  or  decayed  tectli.  This  form  usually  yields  readily  and  surely  to 
electrical  ion.  The  severe  funn,  to  which  Trousseau  has  given  the  name 
c|iiIcptifonu  ncm^lgia,  is  probably  ofa  central  character,  being  caused 
by  a  variety  of  pathological  conditions  of  the  brain. 

The  syniptoiiis  of  this  funn  of  facial  neuralgia  arc  U:e  spasmodical  and 
very  intense  character  of  the  pain  in  the  course  of  some  of  tJie  branches 
of  the  fifth  pair.  The  spasms  arc  of  very  short  duration — ^len  to  6ftyor 
sixty  seconds — and  may  be  accompanied  by  convulsive  action  of  the 
muscles.  The  attack  may  l)e  brouglil  on  by  any  exercise  of  the  jaws, 
as  chewing,  reading,  eating,  or  talking.  The  |>ain  is  so  great  as  lo  cause 
the  lutieor  to  slap  his  face,  or  frantically  rub  the  ^^ot  over  the  seat  of 
the  pain.  Soiiicliincs  patients  who  have  great  self-control  stamp  viulenily 
on  tiie  floor,  ju  np  up  if  thcfy  chance  to  be  sitting,  pace  the  room,  utd 
ultcr  piercing  cries. 

'JTiij  terrible  disease  has  usually  been  regarded  as  almost  incurable, 
and  is  so  pronounced  by  Trousseau,  who  has  graphically  described  ill 
symptoms.*  S-jction  of  the  nerve,  of  which  so  much  wat  once  ex- 
l>ectcd,  is  now  but  seldom  used,  and  i>ermancntly  succeeds  only  in  ex- 
ceptional cases. 

By  a  judicious  and  varied  use  of  peripheral  faradization  or  gilvauiza 

*  Sc«  liu  LetCuret,  Uatire'»Tramlalttin,  part  I.  p.  lo^ 
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tlon,  OT  by  the  electee  moxa,  or  by  galvanixation  of  ihc  brain  or  cervi 
czl  sympathetic,  a  ceitain  i>ortion  of  these  terrible  ca>c!«  can  be  relieved 
or  cured-  Our  experience  does  not  yet  enable  us  to  say  what  |»ro|ior- 
lioti  the  failures  will  bear  lo  the  successes ;  but  if  one  case  out  of  ten  can 
be  relieved  or  cured,  it  is  justifiable  to  try  electricity  in  all,  since  mosl 
other  ntodes  of  treatment  offer  no  hope. 

We  present  ty^iical  examples  of  both  failure  and  success  in  ihc  elec- 
trical treatment  of  this  disease. 


F.piie^ifarm  matralgis  of  teft  tide  p/  faa^  »f  too  ytar^  stamiUng,  trtattd  wttk 
out  betujit  by  vttrietu  mttkads  «/  tlrct/italiotu 

C  \^v.  XXXI V. — Mr.  A.  !'.,  aged — ,  wa»  «cnt  to  u».  Novcmbcf  J2.  by  Iir.  WilbirJ 
Piirker,  witli  (y|Mul:i}>n)|il^»n>uftfi>i]et>lif<.>iuiiicii.ral^u.  Tliejjattmt,  tlwu^liaman 
or  wild  tenpcrament,  stamped  furiously  ui  t)ie  floor,  even  while?  lellirg  as  his  h»tor]r. 
Tli«  spusiH*  itf  |wn  apjicired  in  one  'i|"it,  id  the  courtc  o(  the  Uiwer  branch  of  iKe 
irifociaL  'nic  ^x\kxi\\  hoiltli  or  (he  patient  was  not  greatly  impaired,  allhoLigh  hr 
lis/J  WiffcTctl  for  iwM  yr^ri. 

We  xivrX,  in  ^uccN^iun,  all  ra«ans  of  electrical  treatment,  with  Iit>tli  currents.  At 
one  lime  tome  tcmp»r.iry  licndit  a[>pcarcJ  to  have  been  derived  ;  it  wru,  ho'^vcvcr,  o( 
tliiMl  (JaiaUiin,  ami  tlic  |)aroA}u»s  leturiieil  in  Tull  force. 

After  len  applications  ihc  p:itinu  abanJonetl  Ireatntent,  utterly  disheartened. 

In  the  above  case  wc  made  the  applications  twice  a  day,  as  the 
patient  could  stay  but  a  short  time  in  tomi.  It  is  i>ossiblo  thai  better 
results  would  have  followed  if  a  longer  interval  had  been  allowed. 

We  now  turn  lo  the  fileasanter  side  of  the  picture. 

Epiltpttf'Mm     ueuratpa   ef  tttK>  yttirf    ifaHJing—.fiuJtttn'fuitiit   iiider   iMttthd 
faradhatioH  ;  ttmf«rmrf  tggtavHlion  *>  galv^iuiintion. 

Casb  XXX  v.—  Mr.  M. ,  a^e  I  651  of  extrauTdimry  vi^r  of  cuauilution  and  per- 
fectly tempetaleinevciybalMt,  state  1  ihat  «i  no  twu  year*  since,  In  I  lie  ycai  lS6j,  h« 
Eirti  noticed  a  slight  pricking  Knsation  under  tlic  lobe  of  ibc  left  car. 

Kor  owe  year  tliis  feclirc  <»ctuiTC<l  only  otcasivnal ly,  and  annoyed  Iiim  but  little. 
Al  llie  cKpiraiion  of  this  ittnc  Che  a:tiiicks  bccume  more  Ircqticnl,  were  con ijdci ably 
IvolongcO,  and  produt:cd  actual  pain. 

It  was  a  iongular  Tcaturc  assaciatcd  with  his  condition,  tliat  npoEurc  to  the  sun's 
rays  fur  a  few  moii>e»ts  would  invitrlably  ocoulon  an  attack  of  pain.  AIkmiI  Cbii 
time  the  loss  of  a  laij^c  Amount  of  money  was  a  cauM  lo  him  uf  crciil  aniiicty  ol 
mind,  aj»>l  evidently  aictoil  in  a^raroling  his  disordcf.  The  pantxysnis  of  |iain  ia> 
creased  in  frc:iiervcy  and  severity,  until  it  was  his  sorrow  to  FuHcr  the  greater  part  of 
cvcry  day  from  Ih;  excruciating  Corlure  of  the  worst  form  of  faciftl  neuralgia.  At 
lii^ht  he  EufTcred  but  Little,  bul  wilh  the  riinng  of  the  suit  his  diMrcHi  began.  The 
iit«4ni  he  oprne<:t  his  tnoiiCh  lo  itp^.ilc,  darting  pnini  wonJil  slioot  over  every  jxiiliua 
of  hit  face,  (oILowc.l  by  a  profu>c  f^uw  of  saliva. 

The  act  of  eating  was  attended  with  even  greater  tufTcrlng,  and  freqi'eat'y  ha 
wonU)  continne  Hungry  fui  hours  rather  lliiui  nuke  the  atlemin. 
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For  two  yean  he  sufTvrcc]  fat  llib  maimer,  H'ithoul  being  able  to  obtain  mire  tlua 
■Uglit  temporal;  rdict  Upon  applying  iv  lu  wc  inuueduitely  localucU  an  exceeo- 
itigly  mild  and  fine  faradie  curreul  tlifough  the  difTefent  tamUicaiioii»  or  the  fiflt 
pair,  wUti  inuncJiatc  t-cncficial  cAecl.  Tbc  pain  fiom  which  be  urai  tlicti  luffertnA 
waK  stibdueil,  nod  during  ilie  Lwo  kucceedinc;  days  pofoxjaitt  of  pain  wete  i.iucb  laa 
readily  eK<.itcd  than  usual.  A  wcond  application  renilted  in  stUl  furtiKr  unprove- 
mcnt ;  but  at  tbe  tiiiid  vUil,  hoping  to  aa:elerale  ilte  eve,  we  made  lue  of  a  inDd 
l^aivauic  lurfeot  from  nx  of  BanKn't  celU. 

Tlie  cfTccI  was  mc^iit  diMisirous.  The  ncuralj^ic  atlacki  returned  with  nuire  than 
otilinary  Kvciity.  and  gave  the  patient  no  rest  until  wc  uw  him  again  tlM  oeKt  day. 
An  application  of  the  foradic  current  a^^ain  relieved  the  pain  aa  effectually  «•  betbee. 

Ffom  thU  lime  onward,  onder  the  ciclujivc  ux  of  the  (aradic  currenl,  the  Im* 
provcmenl  was  uninterrupted,  until,  after  remainiiig  under  treatment  ux  weclis,  and 
receivbg  cit;hteen  appllcatloni,  he  wai  discharged  approsimalely  cured.  Occa* 
nonally,  after  a  long  convcnation,  he  lieeb  something  like  a  twinge  of  the  old  puti, 
but  it  i*  to  iltjjhl  as  to  give  htm  little  annoyance. 


Mmrv/gt'a  41/  the  $uferier  maxtllary  and  opktkalfiUe  brmuket  9/  tkt  fifth  fmr^  /^t- 
t^tufii  by  jtraiiannt  tamvtrgntt  a*ut  frojttttam  9/  tlu  ty*baih~-  TreatitetU  by  Utat- 
iatd/aradiaa/wt — fltevtury. 

Cask  XXXVl. — In  Septemher  the  lallowing  quite  ooirel  case  fell  under  our  oh- 

serration.  The  patient  was  a  married  Udy  (aged  35),  who  stated  that  in  the  pre- 
vioua  July  she  was  liiken  suddenly,  during  tiie  night,  with  sei-cre  neuralgic  pain  In 
Uk  right  aide  of  tbc  face,  along  the  course  of  the  superior  majtiliary  ilivition  of  tl>e 
fifth  |ntr.  Since  the  first  nltack  the  pain  had  been  almost  constant,  and  fir(]ucnily 
CKCurred  in  p:ulonj;cd  and  acuie  paroxysms.  IJefore  the  disease  manifested  ilMlf. 
she  was  of  a  full  and  stout  habit,  and  had  cnfoyed  cood  health.  Ilcr  tuSerincs, 
howerer,  coHle  alarming  inroads  upon  ber  general  cunktJiution.  When  wc  farst 
saw  her  <tlie  was  mark«<lly  frail  and  anxmic. 

.She  w^is  able  to  take  but  little  exercise,  and  ber  appetite  was  quite  poor  and 
capricioti^.  In  April  the  ophthalmic  branch  became  affected,  and  the  pain  changtd 
ii«  scat,  cour&ing  along  this  ner^-c  aiid  seeming  to  spend  itself  behind  the  etvbnlls. 
SlrabitmiLSconver^nt  followed  almost  immediately,  and  the  eyeballs  rapidly  pn*- 
jccted,  until  it  a»umed  mott  un^ghtly  praponions.  She  had  been  untiring  In  ha 
search  foe  relief,  but  tinaily  became  deprived  of  bope  of  any  amcUoralioa  of  h<T 
tymplumn,  wbco  the  use  of  electricity  was  Hng£c&ted.  We  made  an  extremely  mild 
applicatioa  of  a  fandic  current,  and  succeeded  to  o  cooilderable  extent  ia  dissipat- 
Inj!  the  paroxysm  from  which  »he  wa^  then  suffering. 

Daring  the  two  days  that  lotervened  before  the  secund  vitlt,  sha  sullctnl.  bat  not 
so  severely  as  before:  When  Kbe  preiented  herself  fur  the  llunl  ajiplication,  she  hsil 
an  encuura^u^  account  to  give.  For  three  nighm  she  bad  cxpeiU-occU  absolutely  no 
pain,  and  both  the  strabismu  and  the  projection  of  the  eyvballs  were  malcrialiy  la- 
iencd.  She  continued  to  progress  towards  reeovcijr  dorhig  ihe  aucceediog  lew 
weeks,  until  her  neuralgia  was  entirely  overcome,  with  the  evceptioo  of  a  alight  «n 
natural  prominence  vf  the  ejvbails.  The  eyes  were  restored  to  Ibctr  coniMl  ■ppaac- 
anc*  and  poalitub 
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Vtttm/fJa  of  thr  htad,  oftomfameJ  fy  impairvunl  of  siiht  anJ  vertigo,  in  m  Udjr 
age^  70. —  7'reatmtni  by  Ixatiuii  /aradiuitian. — Approximate  retovtry. 

Case  XXXVtt.— Annenl  liuly,  lietwnwn  yonnd  80  years  or  ace  applkd  lo  us  on 
one  KcasiiHi.  hy  direction  of  Dr.  i).  B.  St.  Jutm  Kooja,  Tur  the  relief  of  a  most 
■eonUng  tliureu  in  the  head. 

TIm  pttini  wtfC  cvidcnily  neuralgic  in  clioiacter.  They  tJaricd  over  itie  heail  in 
■II  dircctioBSi  from  llie  furdictul  to  llu;  tNrcijiut,  but  vrcre  muat  severe  tiniiicii lately 
behia<i  aud  above  the  ears.  The  eyelid*  were  afTecicd  to  a  coasidcraUc  »tcat, 
ucining  toiutrictcil  anO  heavy;  and  suineiimeit,  dnrini;  a  paroxyMn  of  more  llian 
onlinafy  intciuily,  the  tiijliC  would  be  much  impaired  fvr  houm.  When  Uie  Mvetity 
of  the  attack  hnd  ahatel,  she  wuuM  Iw  aiuxtyecl  hy  a  jiemsLeiit  diuinesB,  u  that  she 
coutd  viith  difficulty  itatKl  erect.  I'rcviuiu  to  itils  attack  in  iIm  bead,  abe  Itad 
(utlEefoii  from  amilar  paini  that  cxtenilcd  u|i  llie  arm  to  the  breaxt. 

A  gentle  apjilication  of  the  fairadic  cuireiu  10  the  he^,  during  a  moat  oevere 
pvoiqrsin,  ^eally  relicvoil  her. 

Not  onty  was  the  pain  entirely  diui|:iciied,  and  the  oonstrtctlon  and  heavineu  of 
the  eyes  rcmovcil,  but  fur  many  huui>  after  she  wu  cntiiely  free  from  vertigo. 

TIk  afiplk-ttioiit  were  continued  at  Imervals  of  Mveral  diys,  for  a  number  of 
timca,  and  ai;f:ompluthed  aa  appruxlmale  >.'UJe.  Octaiiunally  &be  suSeis  from  a  return 
of  the  paroxyimi ;  but  they  are  of  a  much  lus  Kvere  cliaiacicr  than  furmaly,  and 
■re  at  once  diseiipaucd  by  the  cnrrenu 

Fatiat  tutiralgta  tj  tfvtrai jrtar^  Uamimg  jittttu/ully  trtatid  Sjf  Uta/iuJ/draJt- 

tatian. 

Case  XX.VVIM.— Mr*.  S  ,  1  patient  of  Dr.  J.  O.  Fjriinjton.  »^t&  65,  had  for  a 
number  01  years  been  a  ^rcai  fiufferet  (ram  a  mo>i  acute  form  of  »eural(;ia  of  the  face, 
frei|ueally  asioviateJ  with  vertij{i>  and  nauKa.*  The  point  from  wUicli  tJie  jiaiiia  radi- 
ateil  an. I  dined  in  all  dtrcction'i.  to  the  temple,  the  ear,  and  even  down  to  the  neck, 
wasutualed  clu»e  up  to  the  rit;ltt  aU  of  llic  ttuic. 

The  patient  would  occasionally  remain  a  numlicr  of  weeks  com]>araiively  coin(brt> 
able,  but  as  a  rule  not  more  than  a  fetv  days  iQtcrvcrc<l  between  the  attacks. 

A  mild  faiaiilc  airrent  wait  applied  thniu^h  the  rinj;cis  of  the  o|)ciattir  during  a 
ieason  of  great  disircia.  This  not  oniy  aUtviatcd  the  pain  fur  the  time  being,  but 
iaring  the  two  succee^ling  days,  after  wliich  shv  presaited  licnclf  again  Eoi  ucatmcni 
The  relief  continued  complete.         • 

At  intervals  the  |:atieut  was  treated  in  this  way  for  about  two  months.  She  hod 
m  this  lime  but  one  or  two  actacica,  slij^htcr  than  usual.  She  dis>.-aniinucd  Ireaincnt, 
and  during  the  folluwiiig  summer  was  entirely  tree  from  tJicm.  In  the  fall  she  began 
(u  sutler  aj^oin,  and  ^ubmitied  some  half  a  dozen  limes  to  the  old  method  of  treat* 
mcni,  and  to  the  date  of  writing,  six  luonths  tuljsc<.)ucnUy,  ahc  has  rciuaiiied  fi;ee 
from  tlie  attacks. 

It  is  worthy  of  remark  that  in  this  case  the  galvanic  cuireot,  however 
mildly  ap|)lied,  seemed  only  to  aggravate  the  paroxysms. 

Peripherai  JV^ura/gia.—Keunus,  neurotna,  the  continued  action  of 
cold  or  wind,  woitnds,  or  :ther  injiirirs  of  the  nerve — all  these  may  give 
rise  to  the  peripheral  fonu  of  neuralgix     Ncutit.is,  01  rai.\M:i  \T\ftii.\\\\\a.\\vi'a 
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of  the  neuritemuia,  must  be  regarded  as  one  of  the  most  fre-piei  t  cattici 
cf  |icrl{ihcral  nciitalgla,  atid  ttiis  inllanmialory  condilion  may  depend 
upon  some  form  of  mechanical  irrilatian,  as  long- con  tinned  pressure  of 
•  he  chtkl'shead  in  labor  on  the  sciaric  plcxu;;,  or  by  the  concentrated  poi 
son  of  gout,  rhcruniati<im,  malaria,  or  syphilis,  acting  locally.  It  niay,  of 
ojiurse,  be  conccdc<l  to  the  advocates  of  the  purely  central  theory  of  ncu- 
latgin  that  there  may  be  a  cotistttuli'jnal  |>(edi&)M>stt!un  to  neuralgia,  but, 
on  the  other  hand,  it  tnust  also  be  conceded  that,  in  many  cases  at  least, 
sonic  exciting  cause,  acting  on  the  periphery,  is  necessary  to  develop  tL 
TrtaUmnf. — The  treatment  of  jKriipheral  neuralgia  should  obviously 
be  of  a  peripheral  character;  stable  faradi^tion  and  galvani/adon,  and 
electric  inoxa.  In  doubtful  cases,  that  refuse  to  yield  (o  this  method 
of  treatment,  it  is  well  2U0  to  try  central  and  general  electrisation. 

Ctfw>^atkial  neuralgia  of  left  tide,  of  six  menth^  Jtnttdin^,  in  a  man  vthtr* 
loitt  itt  good  ktatth — Recm/try  unMr  Ixaliwed  fara/liiation  and  gnlvati*tati«tt* 

Cask  XXXIX, — Mr,  (^.,  r  «'oui.  vigorous  genileman,  o(  middle  liie.  was  «Tit  10 
us  by  I>r.  Jsred  I.lnslcj-,  The  patient  compUincd  of  ccrviovbrachial  neuralgia  (n 
th«  ltd  sidr.  T}«!  jnii)  extcnd«il  from  lh«  occiput  down  Itic  arm,  and  was  inokt 
Mverc  at  night :  tender  point  on  the  occiput.  We  jud^pnj  tliiit  the  ncunlgui 
wa^  of  a  pt-riphci3l  diuactcr,  and  of*  rheanulic  oripn. 

Three  mild  appUcationf  of  roradiutiun  gave  iciuittle  relier.  Twice  galvai;iMtw« 
wu  tried,  llie  iie^^ative  pole  Ixing  (ilaceil  uii  the  Dccipiil,  over  Ifac  tender  tpM,  and 
llie  positive  on  the  shoulder,  or  on  the  wte  of  the  «eirenih  cervical  vcrloltra.  Afla 
the  Mxlh  application  tlie  |at;ent  annSunced  that  lie  was  entitdy  wctl,  and  dUron* 
linaed  trcaunent,  Allhoa^li  both  fiu^adbation  and  ^ali-aniuIicMi  were  inaiiifntly  of 
service  in  Lhii^case,  yei  ihe  Tunner  w^cQiuplishcU  the  chief  pail  of  the  task  before  the 
]juier  was  broughl  into  retjuiiqiion. 

Gastralgia. — Gastralgia  may  perhaps  be  included  under  peripheral 
netiralgia,  although  there  is  room  for  much  discussion  on  this  point. 
Our  retults  in  gasfrat^ia  have  thus  far  been  more  tatitfaetory  than  in 
any  ctiur  neuralgia. 

The  following  case  illustrates  how  utterly  futile  internal  niedicaiior. 
is  in  certain  neuralgias,  and  what  a  vast  difference  there  is  between  the 
remedial  power  of  tJte  raradic  and  galvanic  currents. 

Avirytrvertf»ii»feknnitga/tralgiaafa^rnaitienature~fimryear^ttaitJiHf— 
nUevtd  ly  gahmHiuilian,  after  failnrt  of  faraditatian. 

Cask  XI_ — Mr.  B.,  a  gentleman  from  Ctisrieston.  S.  C.  contalted  ui  ia  Janti- 
4ry,  1867.  Tilt  hutory  of  ititdscisRilwianliai'jr  as  folhw*:  In  the  latter  part  of  iS6i 
he  was  taken  with  a  wvere  aitark  of  nenral;pa  in  the  back  of  the  \wiA  and  neck. 
Similar  attacki  recurred,  in  paroxysms,  every  few  wecka  fur  aliout  two  yfM%.  In 
Urcrmlier,  1S63,  wlulc  sutTerittg  from  >n-efe  pain,  colchtcvni  wai  procritM^I,  to  be 
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laiken  every  two  houn^  Not  nnderstuKlinj;  the  oatoie  of  the  dnic,  tc  look  it  ever} 
h*lf  hour  for  five  hours.  Thb  imprwtcni  dosing  was  followed  by  penbitent  vnmiting 
KntI  retching,  wWich  lutnl  fvr  eleven  ilays  311J  niifbis  produciDg  exceuivc  prostration, 
and,  in  the  end.  total  unconticiouuien. 

Acute  !>4»inLU  iu|>ervcued,  fruru  which  he  letovcreJ  v>il)i  difTicully,  but  only  to 
nifTrr  from  neuralgic  piini  tn  (he  Homach,  simii.u  iii  choracler  and  Mveriiy  to  the 
■h*lreM  which  he  hid  jMcviouily  uK^xiieilcel  in  ihe  head.  These  |«roxyMiii  were 
finally  wUlued  hy  quinine  Knd  o|iium,  and  for  three  monilH  he  was  com|nraiively 
uel].  Ill  April,  1864,  the  oeuralijia  in  the  head  relumed,  for  ulucli  be  took  a  lar^ 
i<>w  of  miriihta.     Eicevii^-e  vomiting  uas  igain  indLicnl,  followed  by  ca&trali;>A. 

Krom  that  lime  unlil  we  saw  liiin,  January,  186S,  trvry  ui^Al  AnJ  tteii  fassnl  in 
iitt^erabU  itgany.  For  the  first  few  hour«  aficr  retiring  he  wouJd  bleep  whh  Kime 
decree  of  comfort ;  hut  about  3  to  3(,  A-M.t  the  invatinblc  pjroxysin  would  awaken 
Mm,  tnd  t)ani>Ji  fur  ihc  night  all  Meep.  Ii  wa^  hi^  ntsioni  (o  lake  irnmcitiatcly  forty 
d(0|i3  of  the  tincture  of  opium,  which,  for  (he  time  being,  only  agi^avaicd  the  db- 
itcis.  By  its  infitienre,  however,  the  yioxn  aSalcd  in  about  six  houn,  and  in  tlie  in- 
tervening time  l-c  cxpettciiccd  only  a  dull  aching  in  the  epigastric  region.  Tiii»e  and 
again  he  hod  endcavoretl,  hy  the  advice  of  phyuciaiu,  to  gradually  decrease  llie  dose 
uf  laudanutii ;  but  all  to  no  purpoHC. 

It  i«  a  must  Mn^iilar  aiid  unacciuiiLtalile  fact,  that  xxxv.  git.  of  the  narciiiic  hod 
nocflK.1  whatever,  while  xl.  gtl.  M-ouId  act  ax  above  stated.  Witliout  the  anodyne 
the  pain  was  constnut ;  bin  lie  had  on  teveral  JifTereni  ocosiuD&  endeavored  to  brealt 
off  from  the  u'e  of  it  altogether. 

During  ooe  trial  he  alMtntned  from  the  opEum  far  nearly  a  week  ;  but  the  a^ony 
became  to  Intente,  and  hU  Mrength  (o  nearly  exhauste^l,  that,  noi withstanding  a 
rcNulvilc  will,  human  ciidumrice  rcatlieil  it*  utmo^  limit,  and  hi:  wa*  c(im]iei!ed  In 
tetiune  its  use.  Conxtant  cufTering  bad  left  iu  imptetcon  his  pale  Bn<l  watted  fea* 
lures. 

lie  hod  a  wild  and  vacint  loob,  and  hii  g^iil  was  weak  and  tottering,  like  that  ol 
an  old  man  on  (he  verge  of  Ihc  grave.  For  a  year  ]Ki>t  he  had  been  scckiirg  relief  at 
llie  bands  of  tome  o[  our  most  dittinguislicd  men,  and  when  we  atkcd  liim  what 
rcmeilie>  lie  Iiad  Item  taking,  he  ani.werctl  lliat  it  would  l>c  difhtiult  to  say  what  he 
had  not  tnk<;n.  While  he  wait  in  C-inaila  his  physician  had  made  ute  of  general  CoTft* 
dilation   but  with  no  apj)rccialilc  result. 

Wlkcn  In  <-sm^  under  our  care  we  m.'Kle  uw  of  general  faradisation,  both  during  a 
paroxysm  and  when  lie  was  free  Irani  pain ;  but  ibc  foiadic  current  sccnic<l  to  be 
wholljr  inopcral ix'c. 

We  then  matie  u<c  of  a  strong  gnlvanic  current,  pl.icing  the  poMtivc  pole  on  the 
hack  of  the  neck,  ju<  nlvove  the  »evcnth  ccrvic.il  vertebra,  and  applying  the  »egativc 
over  the  region  of  ilte  stomach,  h  onlcr  to  alfecl  the  solar  plexus  and  pncumogaatiic. 

Tlie  apjilication  xeemed  to  rcfrwli  hint,  ami  relieved  in  a  marked  degree  the  vague, 
dull  aching  wliich  was  always  prcKtit  in  Ihe  interval  between  the  paroxysms  It  en 
iixrieavcd  his  appetite  that  ui  a  few  hours  lie  ate  a  hearty  me.il,  toanelhing  which  he 
batl  not  tlone  before  in  two  years. 

At  the  uMial  hour  on  (he  fnllowing  night  the  paroxysm  returned,  but  was  mcMt 
BNgulaiiy  located  between  the  sliouhlcn^  while  the  stomach  wa^  almost  entirely  free 
from  pain.  After  the  second  application  the  jiatn  re^umol  its  scat  in  the  stoiuach, 
but  iru  no!  A  auch  a  terete  divacter  u  funn«rly.     Belieting  lliat,  thk  V^iwik.  ^a 
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pertlesoTthe  electridtjr  would  enable  him  to  dowilboat  tbe  opium  more  leadily  tbaa 
un  prevfoui  occuioiMi,  we  xdvitet)  that  it  be  diiconliniied.  It  wa«a  moft  dUBcnll 
unilettaking ;  but,  for  lluee  weeks,  untO  he  was  intpcnilivcly  c.illcd  South,  Hot  ■ 
particle  jnwed  h»  lips.  He  received  in  all  but  ux  npplications  of  the  gnlyanie  cut- 
rei)t,  and  althouj;h  l)ie  cure  was  by  no  tncani  complete,  yet  the  relief  lie  experienced 
wxs  pos'.ivc  aiid  most  Ratifying. 

Hit  appclitc  remained  permanently  belter,  and  digestion  wu  pefformetl  wilK  more 
comfort  and  rapidity.  Tbe  r^ulaiity  of  tl«  paroxysms  was  broken,  And  tbcv 
■everiiy  ameliorated. 

1  he  wild,  wandering  look  of  diKlress,  which  was  ever  stamped  vpoo  bU  Tcatitres. 
I^ve  place  to  a  calmer  and  more  liopeful  evprection.  Unfortunately,  circumstances 
rendered  it  impcnuMe  for  him  to  reraaiit  longer  at  the  North  ;  but  sndicienl  benefit 
liad  been  derived,  during  the  bHef  time  that  'he  wu  itndcr  our  care,  to  rcndef  it 
probable  that  si  ill  furtlier  ainclioraiion  of  his  retnorkabie  s)'mp[oins  would  have  been 
ol>taine<l  by  a  persinenl  u«  of  the  galvanic  Mream.  We  were  the  more  h')[icfttl, 
from  the  fact  that  on  a  previovis  occaKitm  we  hail  treated  sacces&fully,  liy  gener&l 
electrization  with  the  faradic  cnrrcat,  a  lady  xufTering  from  this  form  of  ncuraljpji, 
but  of  a  less  aggravated  clutrocler. 

So  far  as  regards  the  treatment  of  this  case,  the  point  of  particular 
interest  lies  in  the  fact  that  the  galvanic  cuncnt  vras  of  value,  while  the 
faradic  was  wholly  inoperative.  By  the  use  of  the  galvanic  current  the 
pain  was  immediately  relieved,  the  digestion  vras  strengthened,  and  ibe 
aptjctitc  sJiarpened. 

Abiiomin,tl  neuralgia  of  an  agonhing  fkaraetfr,  oss^ifiaM  w/M  mytntlar  tfiatmt 
—^Zieeiiftt/  loHfarary  relit/  /rvt  locat  galvamutiign — Sit^teyutnt  imffrxtmemt 
wkkh  pattibly  might  in  rmne  mfttrmv  Aavf  teen  dut  ta  Ike  itetmdary  ifftett  tf 
trtQtmtnt, 

Cas£  XL], — Mrs,  II.,  who  sallcrcd  from  most  agonitiag  abdomioal  neitnlgia. 
wa«  referred  to  us  in  Fcbmary.     The  complicalioiui  in  this  case  were  peaiHar. 

The  inroxj-uns  of  pain  were  aasociateil  with  spasmodic  contractions  of  the  alKlomi 
nal  mtucles  of  mch  severily  as  to  necesdtale  the  constant  use  of  tubcataneoiu  tajec- 
tions  of  morpliia. 

Ten  years  ago  the  patient  miscarried,  and  for  two  years  thereafter  she  was  aanojfd 
occasionally  by  slight  neuralgic  pains.  Menorrliagia  now  supervened,  anri  after  «• 
islini*  two  years  it  was  apparently  aired,  and  for  eighteen  months  she  enjoyed  fair 
health.  During  the  Last  two  years  menstruation  had  recurred  but  two  or  three  times, 
and  her  scfferiiiga  were  terrible.  She  wam  taking,  by  snbcntaneoas  Injection,  eight 
grains  of  morphine  daily,  and  so  penicteutly  had  It  been  administered  that  hardly  ■ 
point  on  her  body  or  Uml«  could  be  found  that  was  not  of  that  peculiar  l«ud  elutf- 
•cler,  the  result  of  tbe  rejieated  operaliona.  There  was  uterine  dbplaceoient  anod 
ated  with  local  complications  of  the  characlcr  of  whlth  we  are  not  infonned.  On' 
ireatneat,  begun  February  z;.  was  CNtemal  and  local,  witb  an  occukxnal  general 
application  of  the  faradic  current.  Electriiaibn,  on  the  whole,  did  not  accomplish 
deadt^  pv-mutnent  gOO-l.  v.nl<  stbe  results  observed  after  the  cesraiion  oi  our  treat- 
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tnent  wen  In  a  tOMVire  tecoodory  to  the  electric  itlmulai.  The  itatieni  oertslniT 
Caincd  immetixty  during  the  rullawing  year.  Temporuily  local  galvaiiualion  wu  of 
much  Krvicc,  It  frcqacntly  indnccJ  sleep,  rc<lnced  the  Intcndty  of  the  paroity^niAl 
lains  >nd  oflea  rcudervl  Iter  more  comrortKljIc  during  ibe  iniaveninj;  ])criod». 

Seeer*  gatiralgia  a/ /tmrUfH  ytarf  atauJing — Prriodkal  Jttaeh  at  mig^— 
Rapid  and  ptrmanent  curt  mitder  femtra/  gahtuiiisti«m  a/ltr  /aUitrt  of  ptr» 
dualuu. 

Case  XLII. — Dr.  S,  J.  H.,  a  physicuin  aged  about  36  yean,  coiisultcJ  \x*  tbrou(;h 
T>r.  W.  H,  Thnrer,  For  loarteen  yearn  he  had  suffered  (romattacV^cf  ;;a«tral^aii[ii 
most  vlalenE  character  ;  thcK  altocki  cvne  011  nwalty  at  night,  while  in  hod,  After 
mklnij;ht,  bcfure  or  about  two  o'clock;  the  attacks  would  last  somelimes  Mveral 
buvTb,  and  ihe  pain  was  of  the  tnoat  dislrcsaing  character.  Of  the  variout  mcthotto 
of  rdieflfaat  he  had  uicO,  alcoholic  li(]jors  KCmcd  to  be  the  most  eflicacioui,  but  the 
respite  llicy  caitwd  was  only  temporary.  The  apjtearance  »f  the  patient  sugj^ted 
rohuit  hcallh  ;  iiulritton  wu  well  maiiitainc<J,  util  the  funclioiu  wx-rc  gmcrAjly  weQ 
performed. 

Examination  gave  little  infomialion.  l>l*eaK  of  the  heart  had  been  Mtpectcd.  but 
the  careful  and  repealed  examiiiattans  of  Dr.  1*luyer  established  the  fact  ihat  there 
wu  no  dltcasc  of  [hat  organ,  TciiderneM  of  the  epiga*triuni  m  one  Ji|>ot  tonwtime*. 
but  not  ahrays  exLsieil.  We  siigf^e-steiU'eniiat  galvanttatluu.  The  pal  lent  had  pro- 
vtoui'ly  liieil  raradizalton  without  any  Iwncfit.  We  had  little  hoi<ct  of  helping  the 
patient ;  the  |>crsUlency  and  fixity  af  the  symptoms  and  their  jieriodtcily  gave  aa 
anfavor-ible  pri>gnosii,  and  only  by  our  urgent  soUcicationi  did  the  doctor  allow  lU  to 
experiment  on  him. 

Treatment  by  ciMitrat  Bn!vanizatif>Tj  wai  cnmmrncrd  January  3.  and  was  kept 
np  for  two  months,  two  or  three  ttiaes  weekly.  In  lo*  than  two  w..-eks  benefit  wai 
apparent ;  the  pcrioiticiiy  ami  viulence  of  the  attacks  were  sotncwhal  modilicd,  and 
in  amonthit  xvascvidcntlhat  ihc  ditea«  would  yield  more  or  less  (icnnaiieiitly  to  the 
treatment.  Occasional  rebpoes  occurred,  as  nl  ways  In  rimilar  caws,  rcnimdcn  of  t  he 
former  sulTcring)',  showintc  that  the  evil  spirit  wat  not  whoUy  caat  out ;  but  in  t)ire« 
munihs  from  the  lime  the  treat inent  was  commenced,  the  patient  ittgarded  himself  as 
well 


Three  yiars  liavc  elapsed,  and  ilie  patient  is  still  wctl,  alilioitgh  en- 
gaged  in  laljorious  duties.  The  features  of  clUcf  interest  in  the  case 
were  tlicse : 

I.  The  superiority  of  central  galvanization  over  faradization. 

a.  'file  pennancncy  of  tlic  ciire  of  sucli  a  longstanding  affection. 

SdaiUa. — In  llie  treatment  of  sciatica  by  electrization  very  mach 
depends  upon  the  care  with  which  the  current  is  applied.  An  ill-di. 
rccted,  too  prolonged  application,  or  the  use  of  a  current  the  mechani- 
cal effectsof  which  are  unduly  marked,  frequently  results  in  iiiort:  harm 
tlian  good.  In  sciatica,  the  pain,  as  a  rule,  closely  follows  the  conrse 
of  the  nerve,  and,  Uierefore,  in  the  majority  of  lusUucin  Vlftt  Ok\vi^a»c.>fc 
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typical  of  true  nciiralgix    Tlic  cflTcits  of  faradization  in  ihesc  cases 
iiminutitctl,  and  in  our  liancU  have  liuiiictiiiics   proved  far  mure  clB 
cacious  than  gaU'atii/ation. 

It  cannot  be  too  frctiucntly  re|>catcd,  that  in  sciatica  the  faradic  cur- 
rent is  capable  of  doing  infinite  harm  if  ignurantly  u$ed  or  overused, 
but  that  if  a|>]>liud  with  that  caution  and  skill  which  cx[)<:ricnce  aloiic 
can  give  it  generally  relieves. 

It  is  in  just  such  coodilions  as  these  that  the  character  of  tJie  current 
fur  fineness  and  evenness  ii>  atl-ini|iorlanl,  and  these  factors  are  fuuiu) 
combined  in  a  higher  degree  in  Kidder's  smgle-cod  machine  than  in 
any  other.  On  account  of  the  great  caution  that  must  be  exercised  in 
the  treaimcnt  of  sciatica  by  faradisation  it  is  probable  that  beginners  ntay 
here  achieve  greater  success  through  the  use  of  mild  galvanic  currents. 
The  muscular  atrophy  that  sometimes  follows  sciatica  may  be  treated 
by  localised  faradizatioa.  Whichever  current  ii  used  the  application 
should  be  made  both  over  the  lower  pait  of  the  spine,  to  act  upon  the 
roots  of  the  nerves,  as  well  as  over  the  course  of  the  ncn"c  in  tlie  1^. 

Gali^/io  Puncture. — Wc  have  recciiily  attempted  the  treatment  of 
sciatica  by  clcciro-punclure. 

The  needle  uiay  be  insulated  or  not ;  should  be  haycinet-5ha|icd,  so 
as  to  go  in  easily,  and  may  be  inserted  far  enough  to  touch  or  |K:nelrate 
the  ucrvc.  The  moment  when  it  so  penetrates  or  even  touches  will  be 
revealed  to  the  |>atient  by  a  tingling  or  pricking  sensation  through  the 
leg. 

The  needle  Muis  introduced  should  be  connected  mih  the  negative 
pole ;  but  two  to  four  celU  should  be  used,  and  ttie  current  should 
be  continued  but  a  few  minutes. 

Sr.><rt ««/  oirtinalt  matUa  txeittit  hy  o^$trwtit!m  tf  fht  h^^'web — /ttliff  amd  tlm 
ifHprvi'tment  uiuier  to<ahttd  gnlvitititatiirn    Vfilh   maUttutd  ifomgtt^   vsith  ftu 

mttaliit  brnsk,  omi gaivamo-pttmture. 

Case  XLIIL — Mr  K.,  ac«)  jgyears,  wu  Krcrrcd  to  tu,  March  3,  by  Dr.  John 

Cunklins.  Tlic  [utivtit  Iiod  liceii  ovcuiiicJ  bjr  vniiuui  and  cumplex  anain<,  ami  had  liwa 
r>jr  year«  licarini;  ilic  hiinleni  of  ten  meii.  lib  v.'uiationi  had  been  lirvr  and  liU  boun 
or  \iSxfX  m.iny,  aa<l  Iw  tind  (alien  into  a  cuiuliiiuii  ul  pfofbund  ncuiutlioiia.  ]It  had 
lulTcred  rrom  (^'.tfali;!!  of  a  most  violent  cliarajrter,  fur  wliich  ogiiaia  liad  t>een  quite 
fiedy  ((4ven:ant.<;wii>liiittlivnajid  liardmed  fxcea  had  resulted  ihatlrad  ututed  obstruc- 
tion of  ibe  l>nw«l*,  which  wo*  tdicft^l  only  with  dtfficiilty  and  by  incchaukil  means. 

Tttc  KJatU-a  of  u««  »iJe,  fruni  whidi  tlic  paiicnt  was  rafTcriitt;  when  we  were  called 

hi,  xetned  lo  Ix  of  a  refles  c)tar.utcr  from  the  couVipalion.     IIk  p^irt  uos  fearful, 

ai>il  theie  wai,  of  cuurNc,  lamcnciB  uiU  alrD)>liy  of  the  musclet  of  the  Irg.     At  linto 

ejrre»"i«  hypcrcMlicsia  a|ipearc<l  over  iIk  lliigh.  opcciill>  tn  the  rej^ioti  of  tl>e  k  iatif 

aerve,  aad  there  wi^gicil  icnAcintifc 
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We  tried  variain  mclliods  of  dectriution ;  gcnciaJ  ronulktalimi,  for  the  patient 
*a»  tautii  debiUtAted ;  localized  fundiuUcn  Mitli  tpungo  and  wUh  ihe  metllltc 
liriuli ;  central  gnlvuiiMlion,  localicetl  gal^imlzAiiDn,  aiiJ  ^^olvium-puiU'turc. 

LoulucO  t^altantailioa  viilh  currcoti  df  iiKiliuui  klraH;l!i,  and  contibiu«<]  fur  an  tnnir 
or  so  just  lu  the  paiicnt  hut  retired  for  the  nii;h(,  Kcemed  tu  be  nwK  <:lficaduu«  thui 
%\\y  other  luctbtAl  01  maoncr  of  Udtineitt.  Almott  always  it  touthcd  the  pain,  re* 
luted  the  uiff  and  aching  iniucleK,  and  lhi>  relief  would  lut  for  liourt,  pcrhapn  gjin 
a  i;o«l  nt|;l>i'x  deep.  The  proceeding  was  to  place  one  pole  on  the  kiiiite,  uid  to  pau 
I  lie  other,  without  te^ud  tu  the  direction  of  tlie  cctreuT,  up  and  doiMi  over  the  tegion 
of  Ihc  KUtic  nerve. 

A  few  tiitin  we  tried  galvano-piinLture  nitli  iiisubted  and  non-inmlnied  needles. 
The  needle*  were  ibruu  In  i^uiLUy  and  finiiiy  unlU  they  cmne  near  the  nerve,  and 
somcltmet  they  touched  tt,  a>  wiu  ev4tleiit:eil  l>y  the  tingling  axid  pricking  KiiMttiont 
excited  lliat  »«rc  felt  down  the  leg.  The  [iiuictures  were  n.aile  on  variou*  potnti 
tluMit  the  hock  put  of  the  ttiigh.  No  aii«»thetii:  was  uted,  but  once  tx  tuice  local 
anz^Llu^ila  by  meaiu  of  carbolic  acid  aiid  ciher. 

We  were  pei»uad«d  that  iliis  treatment  by  puncture  did  goudi  Uiul  it  gave  l!ic 
patient  a  start,  and  enabled  the  external  galvanisation  to  do  its  work  at  better  advan- 
tage. The  patient,  lliuugh  a  iiiati  of  frtron;;  wili  and  dcvi^n,  tetribly  dteailed  ihr 
thuuflit  of  the  nec«llcft,  and  we  were  oblij^ed  to  abandon  ihcir  u^  The  needk-t  were 
always  connected  with  the  negative  pole,  the  potilive  being  applied  cxteruoUy  by  a 
tpooge  or  doth  cowr, 

l*his  case  was  treated  oif  and  on  for  four  months,  and  with  &tow  and 
not  very  steady  iuiinoveiiient.  It  was  a  long  tiiiie  lJcf<^r^:  the  patient 
could  ride  or  sit  long  without  cau^un^  paio.  in  a  fctv  weeks  he  com- 
pletely recovered. 


Seiatita /ram  strain,  0/  tevera/  maiitkr'  ^Hratian^lmimetlitU  imfrmfemtut  uml^r 

gtnrrtii /aruJiutiioit  aruJ  iMalii^d  gahniKuaiiuH — Suiitytunt  rtlafit  and  final 
rt<avery. 

Casi  XU V. — Mr.  W. ,  aged  about  40^  was  rclerrcd  to  ui  by  Dr.  C  C  Bucking- 
liam,  of  buKton. 

Tlic  paticiit  luul  been  tufTering  lot  several  moaihs  from  severe  paiiu  along  the  course 
of  tlic  Kiaiicitcrve.  Ke  bad  not  been  etjwcially  expo&ed  to  cold,  and  as  ifaetymp- 
tuRMb  came  on  suddenly,  lie  could  only  atirilwte  the  tliaei.sc  to  the  unumal  exertion 
of  lifting  ft  heavy  irunW  a  bhurL  liinc  previously. 

The  limL)  h.id  ntrujihlcd  bimewliai,  and  the  general  health  of  the  patient  watBome- 
what  impaired.  lie  was  »ubiiiitlcd  to  general  faraditatton  and  tu  galvaniiaii^in  of 
tlie  alTccied  limb.  A  ii»u:n  applic.ilions  rctulietl  in  very  grc.it  nllcvt^ttion  of  the 
severe  pain  which  lind  for  w  long  a  tbtic  ditCrcwiJ  him,  and  we  felt  hopeful  of  a  &pccJy 
recovery.  Unfortuitately  llie  |taiicnt  cxcrcti«d  too  freely  in  wsvlkitiy  one  day,  aiid  in 
tddiiioD  probably  louk  konic  culd.  At  all  events  the  neuralgia  relumed  in  full  lurce, 
an<L  so  diacuurageil  the  ]iatieiit  lltat  he  alinott  tiiuncd lately  sailed  fur  Europe,  where 
after  a  uuiubcr  wf  luoLitli*  lie  recovered. 

The  value  of  titc  firatUc  current  is  illustrated  in  Uic  foW^j^xu^^  t-isic-. 
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Cito£S  OF   SCIATICA— REFLEX  NEURALGIA. 


SriatU*  of  mtraJ  m&ntAf  Airaiion  imetufutfy  trtai*d  fy  faraditatitn. 

Case  XLV,— An  old  gentleman,  agetl  76.  was  scot  to  us  by  Dr.  F.  Eiliot  to  ! 
trcatnl  ftirn  conililionofiimeral  parcsit^  sMocLatctl  with  w)iti-li  wn»  n  Kverc  iicttr 
ofllic  Mrialic  neive  in  both  1iint>s  wliicit  luw!  (!iitrc«K(Iliiin  fut  a  numtwr  of  monibk 

There  w-tt«  a  lacit  of  co-ordinal ing  powcf  \t\  lijcontotii^n,  together  wiih  dei-iOL-«l  anx» 
tbeua  of  IkiIIi  tipjxr  and  Itjwcr  extremities  Tlic  Icfl  foot  and  anVle  Mcte  enot- 
mouxly  wolleti,  and  in  lliii  liml>  the  pain  won  for  more  wvere  llian  in  the  oilter.  1 

The  paiieni  was  treated  by  general  and  local  fara'Jltatton;  and  in  ttte  coune  of 
K%'en  «p[)liniliunK  tlu;  swelling  nearly  mlmiitcd,  anil  Ihe  neural^  was  quite  sutKlued. 
The  patittitt  suLeequcutly  dwd  frum  cerebral  effution. 

StiaUta/otU/wi»s prtsturt  «/  tkt  (hiUTt  htad  at parttirithH — LoialUeJ gahmmim' 
turn  it  folioroid  by  Alirviatien  of  pain  and  rteavtrjt. 

Case  XLVI.— Mrs. ,  mge^l  about  a/a,  was  confine:!  in  March,  1S73.  aud  aOt 

gT«at  tiifTcHng,  and  hy  the  ii*c  of  ibc  forc«p*,  *1><  wa«  delivered  of  a  srttl-born  cfallitil 
T1irou(;li  the  pressure  of  (he  child's  head  the  nervei.  bad  suslaliiad  seriuns  shock,  and! 
fbrmaity  days  before  seeing  her  she  liad  endured  the  moK  severe  neuralgic  pains  fai  tte 
left  limb. 

Nolliing  seeraed  to  give  nwre  ilian  temporary  relief,  ard  at  ihe  time  that  we  were 
tent  fur  by  her  physidan,  Di.  Oliver  While,  the  onset  of  hj-^tetital  symplonii  ten- 
dered ihe  patient  a  most  piiialile  object.  It  was  with  <iifriculiy  that  ^  could  he  In- 
duced to  lubmit  to  tieatmeiil,  but  finally  a  mild  application  of  l<x:alti«(lgalvanintMl 
was  ndminl^tered,  and  seemed  to  be  soothtni;  in  its  effects.  The  total  number  of  ap- 
pUcatiuiu  gircn  waa  eight,  and,  with  the  exception  of  one  ti-ance  which  was  followed 
by  increased  pain,  fvery  trealmcnt  resalled  in  an  allevialcon  of  suffenng,  and  finally 
recovery  wan  complete. 

The  p.-iin  hncl  nai  entirely  left  her  when  the  galrantuitlon  was  dtwonlinned,  boll 
f  rew  leu  .iitd  Leas  every  Uay  fur  a  week  or  so  until  lier  lirnb  was  In  good  coiiditioo. 

Or.  v.  1*.  Gibney,*  of  New  York,  has  reiioi  ted  the  rcsulls  t»f  32  cases 
of  sciatica,  treated  by  tlic  "Stroitg  g:ilvanic  current":  24  received  iro- 
nieOiatc  temporary  relief,  3  were  ujotleratcly  bcnefile<l,  and  5  received 
no  relief;  t6  were  permanently  cured  without  a  reta|isc,  7  reUpsed,  bol 
«ibset(iteiUly  itiiprrjved.  The  furtlivr  hi^luiies  of  5  cases  were  nola 
traced.     About  iliirty  Lcclanchc  elements  were  employed. 

Refiex  Neuralgia.  —The  term  refleic,  as  applied  to  paralyus,  is  at  otjcc 
common  and  Miggestivc.     ]n  the  same  w-ay  it  is  applicable  to  neuralpa. 

As  in  children  paralysis  frequently  follows  the  irritation  of  teething 
or  dysentery,  and  in  older  persons  that  of  urinary  disease,  so  neuralgia 
of  distant  parts  may  result  from  uterine  and  other  disorders.  Neural- 
gia of  the  fifth  pair,  caused  by  a  carious  or  false  tooth,  is  a  common  and 
vcUkno\m  rellex  result  of  mechanical  irritation.  The  treatment  of 
reflex  neuralgia  is  by  no  means  so  empirical  as  that  of  the  peripli 
rariety.  If  a  corious  tooth  is  at  the  root  of  the  evil  it  must  be  removeU. 

*  TransacVtoiA  ot  Km.  V\.«<i.  KwKvafciion  for  l8Sa 
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ir  the  cansc  can  be  traced  to  uterine  disease,  the  skill  of  the  gynm 
Uflogist  is  called  for.  Occasionally  electrizatiun,  through  its  power  of 
subduing  local  iiiitation  f^r  iiiflammaiion,  effectually  relieves  thcrcmoie 
ntitiralgic  pain,  of  which  the  irritation  or  iDBainmation  is  the  cause. 

Hturalgia  0/  left  itg,  afijtarmtfy  froittdimg  from  nary—Recewfy. 
Casx  X  I-Vir. — In  ihc  case  of  a  young  laJy  who  had  safl««l  for  sertwl  roontli*  froni 
Oie  most  wvoe  neunlgk  [NUOi  down  the  left  tq;,  tactile  exantinatlon  Kvcalcd  very 
nwlc^  tendenifn  to  prcsnire  in  th«  left  ovarian  region.  No  other  poriiun  of  the 
liodjr  wu.e».pecially  tai»c;>iil)k  to  ibe  loii£h.  It  is  proper  to  state  (hat  the  pAticni 
iva>>  iiol  u  oil  h>-^tcric4l,  [hat  cxcrcUe  agsraratcJ  the  pAUi,  aad  ituiC  the  neural^  of 
tJi«  Umli  wiu  in  proportion  to  the  tendemen  over  the  ovary.  She  uru  iniiiieliitdy 
relieved  hy  localiKtl  fnradualJoR,  andcomjiletdy  recovered  ia  the  counc of  lu  »-oek% 
aflcr  having  received  twdve  applications 

Xtfralgit  in  tht  Oiiarian  region,  aver  lAe  ahJ^mtn,  and  exttnding  dawn  iht  timbt, 
of  ieverai year^  Juraliom^ComfieU  relief  umifr gtiurid /araditotion. 

Case  XLVIII. — Miss  L.,  about  23  yean  of  age,  and  a  patient  vf  Dr.  l-'retleric  X), 
Lentc,  had  for  several  year*  kuJTt.Tcd  much  dUtren  fiom  anirurnl^it  alTcctiotiuf  llie  ab- 
domen and  lower  exiiemities.  The  pain  H-as  csf.vci^tUy  levere  and  coniluit  in  ttie  rc^on 
ofciiher  ovary.  According  to  the  Or.,  uterine  diHicnlty  evidenily  exidol ;  bm  us  local 
treatment  was  out  of  the  quedton,  and  as  tlic  oidmory  external  and  iniernol  rcmedief 
h-id  been  uud  without  n>nch  Itcnefil,  we  were  requested  by  Dr.  Lcnle  lo  te«t,  in  her 
caM^,  the  efTecti  of  elcctriiaiion.     Siuipic  (;cocial  famdiiation  proved  xaxnx  cihcadous- 

Some  doun  apfvljcations  sufficed  lo  diuipalc  cumplcicly  Uie  pGuni  from  which  she 
wfTered  and  10  markedly  improve  ber  general  coadiiioo.  * 

A  year  subsequently  the  above  patient  was  annoyed  again  by  the 
same  sj-mptoms,  but  a  short  course  of  the  same  method  of  treatment 
relieved  her  a  second  time. 

Galvanic  heitt  and  disks  for  the  treatment  of  neuralgia  have  been 
reconnnendcd  by  Hiffclsheiiu.  He  applies  the  belts— either  Pulver- 
niaclicr's  or  Davics' — moistened  witli  vinegar,  to  the  painful  locality, 
and  allows  them  to  remain  there  for  days,  weeks,  and  ei-en  ntonths 
Although  Hiffelsheiin  reports  some  good  rc&ults  from  these  apjilications, 
yet  it  must  be  admitted  that  there  is  as  yet  no  sufficient,  reliable  evi- 
dence that  tliey  have  succeeded  where  galvanization  or  faradization 
has  failed,  or  that  ihcy  have  any  positive  advantage  whatever,  except, 
perhaps,  for  those  who  are  so  situated  that  they  cinnot  receive  ordinary 
treatment.* 

*  The  therapeutic  reoulta  obtabcd  by  wearing  galrontc  chidn*,  belt*,  dUkj,  toleSi 
(■{rdlco,  etc,  rauU  depend  on  the  manner  uT  their  construction  and  application. 
Many  of  IImmc  which  ore  told  in  the  itotci  and  extenuvdy  and  indiicrJTninateiy  uted 
by  tl>e  laity,  ore  so  arrnnged  lliat  the  feeble  currents  which  tlcy  may  generate  bul  to 
make  a  circuit  Ibrough  the  Ikk)/,  and  recontbine  in  tlie  metals  thenuelveo. 
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GALVANIC  BELTS  AND  DISKS. 


The  obiections  to  and  disadvantages  of  this  method  of  treatment  it 
neuralgia,  as  hi  all  other  affections  for  'which  it  bos  been  so  widely 
employed,  are  these : — 

1.  The  current  n-hich  they  generate  is  very  feeble  ami  inconstant, 
and  probably  does  not,  except  under  itcculiarly  favorable  circumstances, 
penetrate  far  beneath  the  epidermis. 

2.  They  can  uiily  be  used  lucally.  Many  of  the  symptoms  for 
which  they  arc  used  are  of  a  conscitutional  cliaracter,  and  can  only  be 
pcniianenily  dispelled  by  measures  calculated  to  affect  the  whole  sys- 
tem. 

3.  They  .ire  usually,  and  sometimes  necessarily,  applied  to  the 
scat  of  the  pain  ratlicr  than  to  the  seat  of  the  disease.  In  galvanization 
and  faradization  for  Incal  neuralgia,  it  is  found  that  tlic  bc:>t  results  are 
obtained  by  treating  the  seat  of  the  disease. 

4.  They  sometimes  cause  ulcers  that  leave  i>ennancnt  cicatrices. 
The  benefit  that  is  den'ved  from  them  is  probably  due  in  part  to  their 

induence  on  the  imagination. 

ThL-se  argunictil^  against  the  use  of  galvanic  belts  would  be  valueless, 
if  experience  could  demonstrate  from  their  use  any  great  utility  or  any 
very  poMiive  advantage. 

It  is  not  mipossible  that,  in  future  improvements  in  the  construction 
of  these  belts  and  chains,  and  more  scientific  experiments  in  their  use, 
»'e  inay  develop  advantages  from  them  whidi  tlicy  have  dms  far  failed 
to  exhibit,  and  may  accord  to  them  a  position  in  electro-therapcutict 
to  whicJi,  from  the  resuhs  of  the  past,  they  are  not  entitled. 

The  fact  that  they  have  thus  far  been  used  almost  exclusively  by  the 
liily,  and  have  been  made  the  iheiue  of  noisy  advert Ucmcnis,  so  far  from 
discouraging,  should  rather  sliinulate  men  of  science  who  have  any  faith 
in  their  eAicacy  to  rigidly  investigate  and  interpret  their  claims  tu  a 
position  among  the  appliance's  of  electro- therapeutics. 

Those,  however,  who  experin^icnt  with  these  contrivances,   should 
remember  that  the  meclianically  iriitating  effecis  of  meiattic  bandi 
applied  to  the  tender  skin  arc  nut  iuccnsiderable,  and  that 
peutic  results  which  appear  to  follow  Uicir  ajiplicatiun  may  not 
be  due  wholly,  or  in  |)art,  to  eounUr-irfilaiwn. 

{For  Jurthtr  rtmarki  en  this  sutject^  us  Myalgia.) 


die  thera-     ^H 
Dt  unlikely     ^^k 


CHAPTER  XX. 


ANASTIIESfA. 


Ahastiiesia  is  derived  from  a,  privative,  and  aMai'Ofuu  to  perceive. 

ind  t^prerorc  literally  signifies  a  dejirivatiun  of  scnsaiinn.  It  i^  a  sym]!- 
to:ii  of  some  organic  or  functional  t]isc:ise  of  iJic  central  <ir  peripheral 
nervous  sysieni.  The  kinds  of  an.nestiiesia  are  as  various  as  arc  tlie 
riervc  ramifications,  and  tlie  symptoms  that  accompany  it  are  niotlified 
by  tlie  locality  arid  causaiian  of  the  disease.  Alt  forms  of  anresthesia, 
as  of  paralysis  of  motion,  may  for  the  sake  of  convenience  of  dcscriji- 
tion  be  classified  under  tliese  four  general  divisions :  Constitutional. 
central,  peripheral,  and  reflex.  ' 

There  are  five  kinds  of  sensibility,  all  of  which  are,  of  course,  modi 
fications  of  general  sensibility,  and  all  of  which  may  become  diminished 
by  disease : — 

I.  Tacfi/e  sensidi/i/y. — This  is  the  form  wliich  is  most  freqnent,  and 
best  appreciated.  Diminution  or  loss  of  this  sense  is  usually  known  as 
anait/iesia, 

7. — Sensi^ilHy  to  ttmperature — heat  and  cold. 

3.  Sense  cf  pressure  cr  weig/ii, 

4.  Sense  oj  pain. — This  is  (jnitc  distinct  from  tactile  sensibility,  with 
which,  on  superficial  obscr^'alion,  it  is  often  confounded.  The  loss  of 
this  sense  is  calkd  aaaigesta.  These  different  kinds  of  sensibility  may 
b«  very  unequally  affected  by  disease.  One  form  may  be  entirely 
destroyed,  while  the  others  remain  intact.  Thus,  while  tactile  sensi- 
bility is  perfect,  the  prick  of  a  needle,  when  thrust  into  the  flesh,  is  not 
felt.      In  such  cases  there  is  nnal^esia,  but  not  anasthesia. 

5.  FaradO'SensibUily. — ITiis  farm  of  sensibility  appears  to  be  suffi. 
ciently  distinct  to  entitle  it  to  special  mention.  Farado -sensibility  may 
be  quite  active  when  tactile  sensibility  is  much  diminishetl. 

The  diagnosis  of  an.-usthcsia,  except  in  very  delicate  cases,  is  sufli* 
ciently  easy. 

The  degree  of  normal  sensibility  to  tactile  impressions  varies  widely 
bi  diPcrcnt  parts  of  the  hotly.     It  is  neccasary  lo  bcM  \VC\^  ^cX\tt.x»,Ti^. 
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ELECTRO-DIAGNOSIS. 


and  to  make  experimental  trials  on  persons  in  health,  in  order  to  amre 
ai  correct  conclusions  in  coses  of  disease. 

The  use  of  the  coinirasses,  according  to  the  directions  of  Dr.  U'eber,* 
will  enable  one  to  determine  in  a  very  accurate  manner  the  condition 
of  the  sensory  functions  in  health  and  disease. 

Thus,  whcD  tlie  tno  poinls  of  a  pair  of  compasses  arc  placed  upon 
the  inner  suiface  of  ihe  last  phalanx  of  the  finger,  tliey  need  to  be  sejxa 
rated  but  one  line  in  order  to  give  two  impressions,  while,  in  tlie  middle 
of  the  thigh,  the  points  of  the  compasses  need  to  be  distant  from  each 
other  sonic  fifteen  to  twenty-live  lines  in  order  that  two  impressions 
may  be  received. 

Sensation  in  the  lip  of  the  tongue. is  more  acute  than  in  any  other 
jwrt  of  that  organ,  for  two  inij^ressions  are  received  when  the  points  of 
the  compasses  are  separated  by  only  half  a  line ;  and  it  will  be  found 
that,  in  the  face,  this  sense  of  acuteness  diminishes  as  we  recede  from 
the  rae&ial  line. 

Eleetro-diagnos'ts. — There  is  a  method  of  determining  tlic  relative  dec* 
tro-scnsitivcncss  of  the  xko  sides  of  the  body  that  wc  have  found  very 
convenient  and  reliable,  and  sufficiently  delicate  except  for  those  cases 
when  the  anxsthcsia  has  extended  over  the  entire  system.  This  con- 
sists in  the  aj>plication  of  the  fanidic  current  by  means  of  a  brass  ball, 
or  otlicr  metallic  electrode,  attached  to  one  of  the  poles  <rf  a  Ciradic 
apparatus.  The  other  pole  of  tiie  apparatus  may  be  placed  at  Ihe  feet 
of  the  patient,  or  at  the  coccyx,  or  at  any  indifferent  point,  as  may  be 
convenient. 

Different  points  of  the  body,  on  both  sides,  are  aHernaleh  touched 
with  the  brass  ball,  perfectly  dr^',  very  liglitly,  and  with  a  mild  current. 
In  order  to  test  the  sense  of  pain,  the  ball  should  be  covered  with  a 
moist  sponge,  so  that  the  current  may  penetrate  the  epidermis.  In 
this  way  a  very  slight  difference  of  sensibility,  espedallj'  of  the  upper 
and  lower  extremities,  can  readily  be  detected.  By  gradually  increas- 
ing the  power  of  the  current  up  to  the  point  of  endurance,  the  extatl 
of  the  ana:sthcsia  can  be  ascertained  with  tolerable  accuracy.  Ote 
great  advantage  of  this  method  is,  that  the  same  apparatus  with  which 
we  treat  the  disease  can  be  used  to  diagnosticate  it,  and  to  mark  the 
progress  from  day  to  day. 

Treatment. — ^>'hen  the  anaMlhesta  is  very  limited  In  iti  extent,  and  the 
general  health  of  the  patient  is  otherwise  good,  localized  electrization  isol 
course  indicated.    As  a  matter  of  (act,  however,  very  many  anas&thelic 

*  De  pulitt,  retorpdonc,  suditu  et  Eoctu,  uinotatloDci  uistomioe  cl  phrtiologicc. 
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patients,  whatever  may  be  the  cause  on  which  their  symptoms  Je]>eml. 
are  more  or  less  dfbiUliited,  and  are  boncfited  by  the  constitutional 
tonic  effects  of  general  electrization.  In  coses  of  anxsthcsia  that  are 
deiKtitient  on  lesion  of  the  central  nervous  system,  central  galvaniza- 
tions is  sometimes  indicated.  Obstinate  cases  of  a  localized  character 
arc  well  treated  by  tlie  electric  bru&ii.  An;esthctic  patients  will  gener- 
ally bear  strong  currents  in  projionion  to  the  extent  of  the  anicsthesi? 
with  benefit  and  without  injury.  Some  temperaments  that  do  not  feel 
the  current  during  the  apjilication  may  yet  experience  unpleasant  re- 
active effects. 

Prognosis. — The  prognosis  in  anaesthesia,  waiving  for  the  moment  all 
questions  of  causation  or  pathology,  is  usually  very  favorable,  and  be- 
yond comparison  more  favorable  than  that  of  pa4'aly&is  uf  motion. 

One  re:ison  for  this  difference  is  that  anxsthesia  is  an  earlier  s)-mp- 
lom  of  organic  disease  of  the  nervous  system  than  motor  paralysis, 
and  is  therefore  sooner  treated.  But  wc  conlimially  observe,  even 
when  the  two  conditions  coexist,  as  is  so  frequently  tlw  case  in  cen- 
tral, spinal,  and  peripheral  paralysis,  that  the  anaesthesia  yields  much 
sooner  and  far  surer  than  the  paralysis  of  motion. 

The  discus<uon  of  the  interesting  physiological  questions  suggested 
by  these  observations,  though  somewhat  eniicing  and  suggestive,  does 
not  come  within  the  scope  of  the  present  work. 


Amastketia  t/  anterior  regltn  a/  right  thigh^  of  traumalie  vrlgln,  of  tern  ytarif 
standi Hg—Ptrmanent  rttovtry  under  locaHted  faraditatten. 

Cask  XLfX — Mr.  Ft. .  a  stowt,  vigorous  man  agwJ  29  year*,  wa»  sent  to  ns  by 
Dr.  II.  Ure^ory.  uf  Ilirlctn,  lo  be  treated  for  nnuaillicua  (which  bad  aanaycd  him  for 
many  yc»rs)  a\  ttio  nntcrior  purtioa  of  ihc  rinliC  thi[;h.  Tiic  only  powiblc  caii^e 
lo  which  we  couM  refer  tlic  symptom*  was  an  incised  womid  that  h«  bad  (cetfircd  in 
the  thigh,  near  Hie  great  trochanter,  some  ten  yean  previously. 

The  pjitient  couM  not  i^oUliwely  s(a(c  that  the  par&lyais  of  senution  immediately 
followed  the  injury,  iinirc  the  an:i»thesii  vras  not  so  naiiceaMe  as  at  n  lalcr  (tatc 
The  part  liad  become  10  ii\scii»iMc  10  ordinary  iin|>remang,  that  it  wa»  neceisAty  to 
Kpaxale  the  points  of  a  pair  of  compasses  some  45  to  50  lines,  before  Iwij  impres- 
■ioiif  were  received.  The  pricUng  of  a  pin  caused  no  sensation,  and  e«n  when  tb« 
point  pcnetraled  Mveral  Imcs  beneath  ihc  surface,  no  pain  was  ex{wr{eaccd. 

I>i»tipal tun  in  eating  and  drinkln;*,  unusual  eKcrcisc  and  lo«  of  deep.  Invariably 
aggravated  iKc  "Jisordcr.  The  first  application  of  the  Tttra-lic  current — maile  down 
the  «pine  anil  to  ilie  aiTccte^l  limb — very  markeiUy  rclicvcui  the  anxslheua,  and  after 
the  third  applicalioD  the  limb  wu  restored  to  its  normal  scnMbtlity,  At  the  fourth 
fisit  lie  coinpl-iined  tlmt  the  part  had  panially  rclopvd  into  iti  former  anaesthetic  con* 
dilion,  but  accounted  for  it  fiom  the  End  that  he  h-ad  ipent  moat  of  the  prevloui 
aigL4  at  a  social  galherinf^ 
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An  ir^icttion  again  relieved  the  vucsthetU.  We  round,  as  uniftl  In  ilt  cnes  ot 
unothc^ia,  timr,  u  the  litnb  pro£rencd  toward  a  care,  it  Ixcaine  nore  uul  nMXt 
RHtdiive  to  the  influence  or  the  cxurenl. 

Arier  receirtn^  ten  applications  the  limb  was  nfiatn  restored  to  it*noniia]  kqb* 
bllily,  allhimgli  occanonAlly,  af^cr  unusual  exertion  and  loa  of  ileep^  it  became  sotne 
whai  aaTilhelic. 

In  the  case  of  this  gentlentan,  the  wound  before  referred  to  wa*  ovei 
the  coiiisc  of  the  extemil  cutaneous  nerve,  after  k  passed  beneath 
I'oilpart's  ligament,  and  the  beneficial  results  that  followed  treatment  by 
elecimation  were  due,  doubtless,  to  the  fact  that  the  nerve  had  suffered 
merely  from  contusion  and  not  divUiou. 

Hysterical  hyperesthesia  is  mucli  more  commonly  noticed  with  us 
than  an.'esthcsia.  The  latter  condition  is  without  doubt  occaAionallf 
overlooked,  and  again  may  sometimes  be  feigned. 

Uytlerieal  anatthtiia — Diminution  of  (empfrittitrt  Juring  tkt  atllfh—Crtat  ti' 
ttmibi!ily—GFadnaiimprffVfmeiii  auJ jSnal  rftat^ry  unJrr  gfutnit faraJiialion, 

Case  L. — Mrs.  S  ,  ajed  33,  wv  wbject  ro  freqnent  slt»ekft  nf  hysteris.  with  i»- 
lensc  iiicUittliuly,  She  fullered  sXsi*  fium  general  neurjlj^ic  a1iackf>,  which  weie  fol- 
lowed hy  almost  complete  iinte*JHcsi,-»^<omtncnctag  at  lite  fiogen  of  eillter  hand,  tat- 
tending  n\i  lu  the  nmi^,  the  shoiiitlcr^  and  face,  and  (inaLljr  iovotring  the  tongtu*  10 
that  her  speech  was  onlv  in  broken  utterances 

About  the  finger-nail*  lite  %V'%n  a»Mimcl  n  dall  leaden  color.  The  |ni1<e  was  almotf 
Imperceptible,  ami  the  temperntiirc  of  (he  affecteil  pnrts  vras  contirfeiiWy  below  the 
nonait.  InKmibllily  \o  \*3,h\{ix\  impTei.Mons,  which  always  ptecedeJ  the  lots  of  the 
tense  of  touch,  was  at  lirst  incomplete,  but  gruluAlly  IncreoiieiL  Diirltig  the  nltack 
her  memory  always  became  mucli  impaired,  so  that  she  wu  often  unable  tu  call  to 
iniiti)  the  names  moK  dear  to  her. 

The  paroxyvns  tiutcd  frotu  Ivrenty  tninutes  to  half  an  hour,  and  were  futtowed  bya 
severe  hea<laclie,  while  a  cun^uleruble  numhneu  of  the  arms  anil  hanjs  rcmuned  for 
several  day.  Carbonate  of  ammonia  >eeme<l  10  relieve  her  more  ([uickly  thait  any 
other  Internal  remeily,  but  noiliin};  site  lioil  ever  irietl  ha-1  been  of  any  very  permanent 
beneiit.  An  application  of  tlie  faraJk  current,  nn.vte  to  tSe  parts  atTectet  during  a 
parbxysm,  always  ^borlened  llie  attack  ;  a[t)ifin;;li.  while  the  anoeslhc«ia  laste>l,  tlic 
finsen,  arms  face,  and  tongue  were  in^n>ibte  10  the  liiflueiicie  of  a  current  of  con- 
•i.Ictalile  power. 

Treatment  by  general  familiutlon  was  continoed  daring  the  intcnral  between  the 
parox)-tmf,  remlun;;  in  a  tliininutiou  iji  the  ■evenly  of  each  succeeding  aiiaek,  mtil 
in  »  few  muDih;  tlicj-  cc.i<ei]  lo  trouble  her. 

Anirtthma  tf  Uft  tide  of  face,  extending  to  left  itpttrit  and  iitttrmml  turfatt 
0f  ekftk,  and  timtplifatrd  with  faraiytit  of  matioH — imprwimtni  mnd  rtevBtrj 
mndtr  faradisation. 

Case  LI. — MIm  a  G,  an  tmniirried  woman,  i^ed  3%  sfiplied  for  treatinenl 
for  cHtaneoai  anteulteua  of  the  left  siJe  of  the  fa:e.     She  wu  employed  in  a  book- 


ANESTHESIA. 


I 


Mnflny,  anJ  her  .intly  UIhji  «xten(1e<1  over  «  period  of  from  twtlw  to  fovrteen  bctn 
As  a  natural  ■.'on.%etiitciicc,  licr  [^icral  liealtli  bad  become  «>mewlut  impalRiil 

Ilcf  menttrual  runciinn  <m\  hnvrevcr,  perfooncd  regaUrly;  nnti,  nlthougli  her  il't- 
geMbin  weinnl  to  be  vi^ruux,  slie  vru  ncivotu  ami  anfcmic 

She  cave  the  (bllowinj;  aocoonc  of  hencif :  Some  itx  months  prerjomly,  tlic  nn- 
ticeil,  at  ibe  close  of  a  Oay  of  hard  Ub;>r,  and  arter  exposure  lo  a  cold  biting  wiml,  a 
^ii;hi  fc«!tng  of  numbne«  In  the  H);hi  side  of  the  face.  Thb  niimbncM  rnpjdly  in- 
cicaaed,  unld  in  a  liiurt  time  the  3iix>theiu  was  complete.  On  examining  the  lace 
it  mis  (otitvd  that  the  mouth  tras  drawn  Bomewh.nt  over  lo  tlie  right  wle.  I'hem  wu 
ilicht  ptosis  of  the  kfl  cyelLJ,  and  the  left  check  was  flaccid.  I'Ik  wont  of  espre»> 
Mon  wiu  quite  mariced  on  the  aflcctcd  tide,  arul  cantrt<ited  urongljr  with  the  rigbi 
sMe  when  Uie  laughed,  or  entered  into  conversation.  Sde  wu  cntitcl)'  litKnnble  to 
orilinjry  iinpre<istai»  on  the  left  »de  of  ihe  face,  and  the  aiiicttlieiia  exieii'led  to  the 
le/l  Hottril  att<i  tie  iHterttal  turfacc  of  the  cheek. 

The  KDsatian  and  movement  of  the  tongue,  and  ili«  potrer  of  laile,  wereunun* 
poirol  Local  »piilii;*tirtns  of  tlic  far-viic  current  were  [jiveii  every  day  or  two,  bat 
lur  tome  little  lime  no  imprcsioti  seemed  tu  be  ma<lc  un  the  itEicaacd  nerve. 

It  was  only  after  CrcatTncnt  hart  been  eonlinueO  two  wcel^^  and  •ome  eijjhl  appli- 
cations  had  been  given,  that  any  cKiiMiiveness  lo  Ihe  cnrrcnt  was  maniFcM  alung  ihe 
coune  of  the  fifth  yiair.  The  irapraveraent,  howeTcr,  from  this  time,  although  slow, 
wai  coniiaiiL 

In  this  case  the  rule  that  the  anesthesia  im[)rovps  more  rapidly  than 
the  paralysis  of  [notion  was  rcvcrscit. 

The  anxsthesia  improved  but  little  until  the  face  assumed  its  nattiril 
proportions,  when,  in  a  short  time,  the  normal  sensation  entirely  re- 
tnrned.  The  ireatnient  was  cantiiiued  during  two  tnonlhs.  In  most 
ca.4cs  of  anitslhcsii  (if  llic  trigeminus,  related  by  Romberg,  the  loss  of 
sensation  was  so  marked  that  Jeep  pricking  irith  a  needle  caused  no 
pain,  while  in  this  cose  the  anresthesia  was  limited  to  the  skin  and 
mucous  meiiibi^ne.  Aiixsihcsia  of  the  fifth  pair  of  nerves  may  Uc 
pen[iliera1  or  central ;  in  the  latter  case  tlierc  is  coincident  paralysis  of 
Ihe  nerves  of  motion  and  sensation,  and  hemiplegia,  luore  or  less  com- 
plete, is  often  i>re8ent. 

The  diagnostic  symptoms  of  this  variety  of  paralpis  differ,  according 
as  the  seat  of  the  disease  is  located  in  the  course  of  the  various  rainiti- 
cations  of  the  fifth  pair,  after  it  leaves  the  sphenoid  bone,  or  in  llie  Cas- 
scriin  ganglion,  or  at  the  base  of  the  brain. 

The  synipcom  of  ansslhesia  occurs  in  many  forms  of  paralysis  of 
motion — hcmiplrgia,  paraplegia,  and  so  fmlh — atid  many  casf-i  will  be 
foand  under  those  diseases.  Aniesthcsia  occurs  also  in  writer's  cramp 
and  in  locomotor  ataxia,  where  it  is  a  prominent  syinptoiii.  In  all  the 
diseases  where  it  cxi  :ts  as  an  incident  or  complication  it  is  to  be  treated 
on  the  same  principles  as  where  it  exists  as  the  sole  or  leadm%%vi»\A.c»w. 
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Paralysis  of  motion  is  a  condition  for  which,  from  the  eulies 
tory  of  cleciro- therapeutics,  electricity  in  its  different  romifl  has  beco 
used  more  than  in  any  other  disease;  and  ool  until  quite  recently  has 
it  been  demonstrated  that  there  are  many  other  syin|iioins  in  which 
the  results  of  electrical  treatment  are  much  more  rapid  and  biilliaiit 
than  in  any  form  of  motor  paralysis.  In  hysteria  and  atTections  allied 
to  it,  in  cerebral  and  spinal  congestion,  in  chronic  alcoholism,  neuralgia, 
and  in  certain  diseastrs  of  the  skin,  electricity  rightly  used  by  the  meth- 
ods of  central  gaivani/ation,  general  faradization,  and  local  galvaniza- 
tion of  the  nerve  centres,  relieves  and  cures  far  more  rapidly  than  in 
paralysis. 

Paralysis  has  been  esi>ec:ally  jtrominent  in  electro- tliera{>eutics,  fnr 
the  reason  tliat  oftentimes  electricity  is  the  only  remedy  to  which  it 
yields.  Those  who  have  restricted  themselves  to  localized  electrization 
have  always  given  Ihcir  chief  attention  to  ditferent  forms  of  motor  par* 
alysis,  but  even  now  the  impression  yet  lingers  that  it  is  about  the  on\j 
disease  for  nliich  electricity  is  indicated. 

All  fonns  of  paralysis,  as  of  neuralgia,  may,  for  the  sake  of  conven- 
ience of  description  of  therapeutical  indications,  be  included  under  one 
of  these  four  divisions : — 

I.  CoRstitutionaL 
a.  Central. 

3.  Peripheral. 

4.  Reflex. 
Conjtifu/iana/  PaTalysis. — This  term  is  applied  to  those  paralyse* 

which  arise  from  some  blouil-pot.'.un  or  constitutional  degeneration. 

Among  the  more  common  causes  of  this  variety  of  paralysis  may  be 
mentioned  hysteria  and  the  poisons  of  certain  diseases,  as  gout,  rheu 
matism,  syphilis,  mineral  poisons,  as  lead  and  opium,  etc 

Rheumatic  Paralysis. — In  the  partial  but  persistent  iwralysis  that 
occasionally  follows  subacute  muscular  rheumatism,  faradization  baj 
proved  exceedingly  efficatww    The  muscles  most  frequently  affected 


I 


I 


ELECTRO-DIAGNOSIS  AND  TREATMENT.  475 

by  rhctiniatic  paralysis  are  Ihc  deltoid  and  trapezius  (in  consequence 
of  which  it  becomes  impossible  or  difficult  to  U/t  the  anu  from  the  side), 
the  extensor  nuiscles  of  the  forearm,  tlie  muscles  of  the  lower  extrem- 
ities, and  occasionally  the  inter-ossci  and  lumbricales  muscles. 

BUctro-Diagnosis — Treatment. — The  electro-muscular  contractility 
!n  recent  cases  Is  normal ;  in  long-standing  cases,  diminished.  General 
>s  well  as  purely  local  treatment  is  frequently  required  in  para])'sis  of 
a  rheumatic  origin,  in  order  to  combat  the  rheumatism  in  tlie  constitu- 
tion, as  well  as  its  local  manifestations  (sec  chapter  on  Rheumatism). 

In  this,  as  in  other  fonus  of  paralysis,  atrophy  of  tJie  muscular  tissue 
occurs  after  a  certain  length  of  time.  It  is  extremely  irai»ortanl  to  begin 
treatment  before  the  muscles  become  thus  affected.  In  cases  of  rheu- 
matic paralysis,  where  the  invasion  has  been  sudden  and  the  pain  con 
siderable,  electric  excitation  produces  ]>ain;  but  where  the  invasion  has 
been  more  gradual  and  unattended  by  pain,  electric  excitation  causes 
very  little,  if  any  sensation. 

/CkeunmlU  paralytii  of  dtUoid^  of  trvtrai  monthi'  ttamding—  Retm/ery  muler  gtntrai 
ttHd  beaUi^d  farihiiiatioH, 

Case  LII. — A  patient,  «  jroitng  laJy  «geJ  23.  luil  hcen  anslile  in  rai«e  her  hoad 
from  her  skic  for  kvcixI  months.  The  access  of  tbc  tikcutn.itisni  v/as  (gradual,  and 
aa&tteiided  h)*  acute  pain,  excepting  when  prcuare  wu  made  over  the  ilTccted  rhu> 
dc,  or  when  >hc  attempted  to  raise  the  ann.  An  appliralioti  of  the  foradic  carrcnt 
catneil  paiii  oiily  when  it  wiu  ^uHidenily  Jntenw  to  (iroduM  contractions. 

Tl>c  mriKle  r»f>i>ll)-  l«came  le&b  seu:iiiivc  tii  the  influence  of  Ifac  cutrenti  and 
gradually  regained  its  tust  power.  TItc  n^turaliun  uf  strength  was  cranplete  in  iwo 
wvelu. 


We  have  treated  q".i:te  a  number  of  cases  of  rheumatic  paralysis  of 
the  deltoid,  the  trapezius,  and  of  the  lower  extremities,  and  usually 
with  the  most  satisfactory  results.  Electricity  is  always  indicated  in 
Ihis  condition,  and  few  cases,  doubtless,  would  fail  to  improve,  even  if 
Ibey  do  irot  recover  under  its  influence. 

Syphilitie  Paralysis.-  -Syphilitic  nervous  a^eclions  may  exist  eithet 
with  or  without  appreciable  structural  change.  Paralysis  which  results 
from  secondary  syphilis  may  derive  benefit  from  electrical  treatmentv 
K  The  principles  and  method  of  treatment  are  the  same  as  for  rhcu- 
I  malic  paralysis.  There  is  as  yet  no  evidence  that  general  faradization 
I  or  centraV  galvanization  have  any  sjKcial  influence  over  the  syphilitic 
I  P9ison  ;  they  act  as  general  tonics  and  thus  help  the  system  to  contend 
I  with  the  disease. 
B        teati  Paralysis. — In  slow  poisoning  by  lead  the  meul  bttQircuA  &•!. 
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fttseJ  throughout  the  whole  sptein.  and  exerts  its  influence  though  'a  \ 
an  unequal  tiergrcc,  on  every  nerve  and  organ. 

As  is  well  known,  however,  the  upi»cr  extremities  arc  most  frc'iutnily 
afTccted  by  paralysis  (more  or  less  complete).  The  muscles  usually 
affected  arc  the  extensors  of  the  hands  and  fingers,  so  that  they  hang 
down  by  their  own  weight.  It  is  probable  that  these  tnu^les  ore 
chiefly  affected  in  this  disease,  as  in  hemiplegia,  because  tlicy  arc  weaker 
and  operate  at  a  great  mechanical  disadvantage. 

EUetro  Diaptosis  and  Trealnmtt. — ^The  electro- musciiLir  contractil- 
ity of  the  afTccted  part,  in  this  form  of  paralysis,  is  always  diminished; 
and  Ircquendy  it  is  entirely  lost,  even  in  cases  where  there  is  little  or 
no  atrophy  of  the  niu&cles.  The  elect ro-tuuscnlar  sensibility  Is  usually 
nnimpoircd.  Diplegic  contractions  ntay  appear  in  this  disease.  Ac- 
''.^rding  to  Hitzig,  mobility  in  cases  of  lead  poisoning  is  lost  before 
electric  cor.tractiiiiy. 

If  the  electro- muscular  conlrociility  is  completely  lost,  it  is  better  to 
apply  a  mild  galvanic  current  to  the  paraly/cd  part  for  a  few  minutes 
before  tJie  f3r.idic  is  made  use  of.  The  latter  current  should  be  used 
daily,  and  not  longer  than  ten  or  fifieen  minutes  at  each  sitting.  Afl 
soon  as  the  slightest  contractions  arc  produced  by  the  faradic  current, 
the  galvanic  maybe  disco  nliiiiicd.  In  some  cases  we  have  thoui;ht  that 
tile  galvanic  current  answered  bccier  than  tlw  faradic,  even  when  the 
muscles  respond  to  the  faradic 

Lead fantlytis  of  niui  months  itanditig  Jrapp^d  vrriitt — AffrfiximaU  rteattry  tititf 
latalited  gatvamuitioM  and  faraditatian, 

Ca«e  IJII.^F.  H.,  aged  24.  afflicted  with  lead  paralyss,  gave  the  following  bit* ' 
toiy  :  FoT  several  )car«l)«1>ail  vrorke<!  nlmofit  constantly  iitloaH,  and  atiout  ninr  motillii 
prior  to  his  .-ipplication  lor  relief  he  iKcnme  obslinatdy  coi»lipal<d,  ntfTcrr-l  fiwtii  rsgur 
pains  in  ll»e  legs,  »1>oiiliWr«,  and  over  the  l>w>!y  generally,  OTiHin  a  aiuirl  lime  hcohtrerred 
ft  d«cKlerl  Inmeneut  in  the  wtl&u.  Hg  gradually  became  woite,  unttl  be  fouivi  il  ini|>o»- 
uhle  to  rJtiK  the  right  h.-md  at  all,  and  over  the  IKtte  finger  of  llie  left  hund  be  bad 
but  tittle  control. 

No  contraction*  of  the  affected  wiuwrle*  followed  localized  famdiiailoii ;  Ihr  pU- 
vaiiic  cvirrenl  |)ro<luc«d  Klij^hl  conlriuriton^ 

The  patient  was  treated  for  tome  weeks  'ly  a  colonic  cturenl,  jiitt  saHkient  is 
(trength  to  produce  aligliC  motcular  tnulion  ;  and  sulMequently,  when  the  taraJtc  cw- 
Tcot  wu  tried,  the  mucles  reacted  appreciably  10  il> 

The  trentinent  was  kqil  up  for  two  minithtond  resulted  in  an  approxioatc  retnn 
of  Ibeaornna]  »uength  to  the  aHecfcd  ports. 

* 

Paralysis  from  Opirim,  Sfra/w/tium,  ArsatiCt  tie. — In  desperate 
cases  of  poisoning  by  opium,  electricity  has  betn  rei)eatcdly  used  witfc 
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fuccess.    The  method  of  artificiil  respiration  may  b«  nsed  (see  chaptei 
•jn  Artificial  Kespiratioii). 

After  recovering  cousciouaneas  from  severe  poisoning  by  opium,  oi 
other  poisons,  tlie  vdrtoiis  tinibs  of  the  body  are  occa:iiona]ly  left  in  a 
permanently  paralyzed  condition  that  periii:>icntly  rc^sts  all  the  efforts 
of  nature  and  medicine.  Two  &ucti  cases  have  fallen  mider  our  obser- 
vation. 


f%trtial  /ara(ytu  o/  ff/tr  «nd  inotr  limit,  tautrj  by  an  ovtrJoit  of  vfium — Iwt- 
frattemeHt  under  geiitral faraJnatiatt. 

Casi  LI  v.— a  liille  tioy,  Home  ei^ht  yeoTH  of  age,  mupreunted  to  u*  mflcring 
from  pantal  paraljml*  of  the  lower  limbs,  anil,  in  a  Ifi^i ilfgree,  ori>otlisrm«al»n.  lie 
oouidwalk  only  witli  tlie  asusIaikc  ol  axiolXvet,  uid  Uicii  mttli  ui  lutccrtam,  itaQ^riiig 
gait.  HiJ  Iqj*  were  rcm.irVaWy  »mall  ami  cold,  his  Wtvcts  foiitiiiually  coitstipatetl, 
vid  his  general  cfiKlitiou  fccUc.  When  but  iliree  yon  u[(l,  liio  uui»e  vn  one  occa* 
lion  aiiminitterct]  to  liini  by  mikiake  a  icx>|>oonru]  of  the  linciure  of  ojHiink. 

Uy  }Kisiaieiic  efTortb  oaiy  was  his  life  uvcd ;  but  the  thuck  to  hit  nervous  system 
wii  io  grf.it  th»c,  for  one  year  after,  botli  l^s  were  completely  paraiyicd.  Finally 
]ie  re;;aittetl  a  iK>riii>n  uf  Mreni;th.  until  tie  reached  the  condition  ;UieaUy  JeKtiUed. 

The  electro- inuscuUr  coutroclility  and  electro-senubilily,  not  only  uf  the  limbs,  but 
oT  the  enliie  body,  was  much  improved.  Tlie  boy  could  bear,  without  pain,  a  fora* 
die  current  of  >ulficicnt  intciuity  to  prostrate  a  grgwu  pertoa  in  onlinory  health.  Ths 
first  ccticral  applicniion  seemed  to  bcneiit  him. 

lie  felt  itt;h(ei  auO  better,  ^ix  subMsqucnl  seances  increased  hli  appetite,  percepti- 
bly au^iiicnled  his  »trenj;th,  and  relieved  hb  conMipntion.  At  thb  lime  his  legs 
begau  to  feci  wiucwiiat  wai'ntcT,  wliile  he  was  unable  to  bear  a  cinieiit  of  as  |>reat 
laiensiiy  as  before.  Tlie  patient  wa^  under  tteniment  some  iwo  inotiEhs  °nd  received 
about  tMcnty-fivc  ap|>ltcaitous.  Tlic  temperalure  of  his  lc£»,  and  of  liis  whwlc  t»dy, 
bail  veiv  decidcilly  imjiroved.* 

Ha  Icgh  had  ^rowii  Inqscr,  and  when  lie  disconlinued  treatineot  his  general  bealtii 
wu  fair,  and  his  gait  oearly  normal 

ffysteritai  Paralysis.- — The  iiysterical  fonii  of  paralysis  is  constiiu- 
tionnl,  because  the  entire  central  nervous  system  is  (Jegcneralcd  into  a 
condition  of  abnormal  susceptibility  (see  clutptcr  on  Hysteria  and  alUcd 
Affect  iuns). 

F.Uetro-Diapiosis. — In  this  form  of  paralysis,  the  electro- muscular 
cuntraclility  in  recent  cases  is  uniiiii>aired  ;  in  old  co-ses  it  may  be  im- 
l>aired  or  lost,  or  the  electro-sensibility  may  be  very  nuich  blunted. 
Diplcgic  contractions  sometiiucs  appear  in  hysteria.  The  lois  of  power 
is  usually  incomplete,  and  sooner  or  later  recovery  usually  takes 
place. 

Trea/menf. — ITie  dise-ise  b  constitutional  and  demands  general  as 
well  as  local  treatment.     In  many  instances  general  faradizatioa  v^^ 
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moles  rapid  recovery  ;  oUier  CA&es  ai  c  very  rebellious  and  only  iin|iruvc 
up  to  a  certiun  point  TUc  general  ireatinenl  may  be  combined  wiih 
central  gat  van  i/ at  ion  and  faiadization  of  the  affected  part. 

The  following  case  is  an  example  of  its  influence  in  the  traasie&t 
Corm  of  this  affection  :— 

UytUrUat  faralysis  ef  right  arm—AllaeJU  /requtnttjt  rtftaiti—lmmidiatt  rthtj 
from  txalittd /araditali4a. 

Cask  LV.— A  young  Udy,  of  an   fs«:»ivdy  nervous  oreanUallon.  w«  fre^ueaity 

tubjoci  to  hysleriral  attacks,  when  one  of  licr  wm*  (ccncnilly  \\\<  t\^M)  al»aj* 
became  perfectly  atumhclic  and  almost  powalea.  Al  •  mle,  btf  w  renaiaed  ii 
tbis  condition  alxiui  an  liour. 

On  one  accajiaa,  iminctliately  al^er  an  attack,  a  powoM  Eiradic  current  was  di- 
recte<I  fi>t  two  niuiutcs  tlirough  llie  arm,  Troin  the  wrist  to  the  shoulder,  cumplcttly 
dissipating  the  aocalicsia  and  restoring  tbc  lost  ^wcr.  Many  dinilar  appUcmliuu^ 
tlitriDg  &ut»e^ueQt  attacks,  inirari%b1y  produced  the  same  rcult. 

Central  far  alytis  e/  an  kyilerUatthar  otter  ^  with  Uus  9/ ntaUam  of  kith  ikt  mffer 
aati  /jwrr  limi>s,  and  tevere  atrofAjr  ef  the  muttUs  of  tkt  ufffr  Hntht— Remark 
tbh  i)-MjH'fms—  yery  great  imfirffvemfM  iiU  not  aittflute  rtcwery  under  ^triftami 
oW  central  g^lvamtatiam. 

Casi  LVl.— MrL  S.,  of  Suten  UlutJ.  nged  41,  was  the  most  rcmarttable  illas 
tration  of  the  c:fBca<7  ofgaU-oniEation  in  ivualysls  thai  has  ever  fallen  oniler  otu  olncr. 
ration.  Tbc  patient  lirtl  came  ander  oar  care  September  5.  Nine  nionilM  bcTope 
ibe  saOered  a  raiKaiiiaee  that  had  left  her  in  a  conditioo  of  utlet  hel)>leun«ss,  Botk 
Bppcr  and  lower  limbs  were  cotnplcicly  paratyzeil,  llic  only  power  rcmaming  belt^•  a 
alight  limited  muvcEnait  of  the  frngcrs.  I'bc  liutds  were  |>cnuanenily  entcoded,  ibe 
Inter -DVici  greatly  alropfatcd,  and  the  tnuvlcs  of  the  arm  and  forearm  m-ere  so  nuich 
thninkcn  that  llic  drcumfcrcncc  of  tlic  arm  was  diminished  to  the  extent  of  twiwecB 
one  and  two  inL-lie«.  The  lower  limbs  were  absolutely  motionless— not  a  oiiucle 
gave  even  (he  feeblest  re<poate  to  the  wllL  The  muscles  of  tbc  lower  limbs  were  bat 
little  atrophied  even  below  the  knee;  but  the  skin  presotted  a  peculiar  glony  b^ 
pcoraofie  thai  U  assodalod  with  greitty  impaired  nutrition,  which  has  been  daoilal 
by  Dr^  Mitchell,  Morehouse,  and  Keen.*  Tbere  was,  however,  do  /oif,  whlcb 
these  physiciaos  found  to  Iw  au  Lnvamble  accompaniment  of  glos^  skin  thai  resMltol 
from  injury  to  a  nerve.  The  appearance  nf  the  skin  may  bt  best  traderstood  by  caa> 
paring  it  to  a  ciiatrlzcd  wound.  Tins  appearance  was  most  marked  hdow  the  hncc& 
Both  upper  and  lower  limbs  were  very  cold  and  very  sensitive  to  coUL  There  ww  mt 
latJ  ef  pt^er  over  the  bladder  or  reetum.  Appetite  and  disestton  were  good,  bat 
there  was  wxat  dyqntzo.  The  patient  also  slept  wdl  usually,  although  oampellei  to 
1m  constantly  on  her  back  onless  she  was  turned  over.  Ttie  important  feature  of  titt 
^^waa  the  remarkably  besllhful  performance  of  most  uf  Ibe  vital  function^  ooa- 
Jofakeil  with  absolute  helplesaneM.  As  the  Ultle  motioa  of  bcr  fingers  was  not  wlSdai 
to  cnalile  her  to  grasp  even  the  lightest  object*  tt  was  necessary  for  the  aarse  to  U^ 

*  GunOint  Woui>dh,  and  other  Injuries  of  Nervn     1S64.    Pp^    79^  &h 


CASES  OP  PARALV'SIS. 


479 


ber.  Diuljr  ilie  was  llflcd  oat  of  bed  md  pUccd  in  an  fimlid's  ch&Ir  that  could  be 
lowered  bio  a  honnintal  position.  To  at  op  in  an  ordioaty  chair  was  iotposiitilc^ 
nnce  Ilie  flexion  of  Ii«r  limits  caused  unbcATnble  poms  ta  the  joiiiis. 

The  brain  wsa  asaaWy  dear,  though  the  taeiaoty  bad  been  somewhat  unpaind> 
The  packnt  wu  ■orpriltngly  booynnt ;  but  siucuned  mcnta]  exertion,  even  the  read- 
bg  uf  a  tliort  paragraph,  wai  follnwe:!  \iy  leiuatlons  of  wearutesi. 

ThepAiienlwos  of  a  nervous  conuitutJoR,  liiul  never  be«D  capable  of  great  exenion 
anit  fur  a  long  time  lieforc  the  attack  hod  compkinixl  of  Diuntmest,  tinfjlin^  and  olhci 
premonitory  s}^ptoms. 

Eltftrir  examiKOtian  showed,  as  was  expected,  absolute  loss  of  dectro- inusi-ular 
centnctUit)',  In  both  the  upper  and  lower  limbs,  to  the  faradic  current.  A  strong 
pdvmnic  current  proiloced  feeble  contrnciion*  in  the  extensors  and  flexors  of  llie  fore- 
amis,  but  none  whatever  nf  the  musclcH  of  tbe  lower  limbs^  There  was  also  very 
great  anaesthesia.  Aiialgeda  existed  in  the  lower  limbs.  la  the  arms,  foreamu,  and 
fingers,  \  h«c  was  txtttfive  hyptntsthtsia  0/  iht  tetue  0/  tffith,  tatij^neti  wUk  deeided 
amaigtna.  A  tolerably  strong  ciinwit  localiied  in  the  muKlcs  was  not  jiainful,  hul 
th«sliglilcst  I  Mich  on  the  surface  was  unijIeasarU.  Two  im)>ortint  feature*  of  (he 
case  were  reflex  ifhumi  cf  the  muselet  of  the  tower  limbs  dttriitg  elftiritatwH,  and  ^ 
petuUar  sfttMUion  through  tht  wMe  turtsfitt  ramifleativn  a/ftr  etfttritathn.  The 
patient  comj^iorcd  it  to  "  waves  of  sensation  "  rolling  up  and  dowu  the  Umba.*  TbU 
senution  wa^  sometimes  felt  one  or  two  days  after  the  application. 

Taking  into  t-on>iclcralion  all  tfic  facts  of  the  case — the  complctcne^  of  [Iw  paralysis 
the  toss  of  mnvdar  contractility,  the  absence  of  pain  in  the  lunt>«  or  in  the  ^pine,  the 
abtcnce  of  aiiy  morbid  symptoms  in  the  rectum  or  bUdder,  or  of  a  recliag  uf  cunsLriction 
b  lh«  alKlomen.  the  absence  of  sjanal  tenderness,  or  of  a  senutlon  of  pain  when  ice  or 
hot  water  were  apiilied  to  tbe  back,  and  the  various  and  peculiar  l>cIiavtor  under  elec- 
trization, Mte  conclude<l  that  the  zauc  was  00c  of  a  by«tcricat  diaractcr. 

The  treatmejil  cun^LhleJ  cliiefly  in  central  and  iocaliied  dectrlxutiou  Uiree  times  a 
wcdc  Both  meihodi  were  uvkI  at  the  same  silting.  At  fir^t  the  faradic  current  was 
used,  but  without  inAkiui;  any  impre:tuon  on  tlic  diicaK.  Tl;c  first  application  of  the 
galvaiuc  current  cook  immediate  effect.  The  nest  day  the  patient  could  rai^  Imth  of 
her  lower  tiuib&  six  inches  from  the  Jiorixontal.  iti  :the  lay  La  bcr  choir.  The  improve- 
ment was  permanent  and  progressive.  Another  singular  feature  wn&  tbnt,  in  fptle  of 
l«r  weakness  and  hdpletancss,  Ihc  patient  could  nod  did  bear  with  benefit  protracted 
applications.  In  order  to  bring  the  whole  Ixnly  under  tlic  influence  of  the  current  at 
ooe  sittbg,  and  at  (be  laiuc  lime  to  give  the  nee<J(ul  attention  to  the  aflixtcil  muscles 
and  groups  of  musdes,  the  sittings  were  sometimes  double  the  average  lcDi.,lh. 

Improvement  in  the  upper  limbs  followed  improvemeiil  in  the  lower.  Tlie  exten- 
sors and  flcxois  of  the  ann  and  forearm  soon  began  to  resume  iheii  contractility  under 
the  faradic  current. 

January  the  patient  bad  steadily  progresfled  from  day  to  day.  Althotigh 
healtliful  contracliuns  were  not  obtained  m  tbe  muscles  bdow  the  knee,  e^'cn  unda 
the  galvanic  current,  yet  the  skin  bad  a  less  glossy  appearance,  and  the  pou'cr  of  mo- 
tion harl  greatly  increasccL 

The  improvciocnt  in  tbo  Knot,  though  at  first  slow,  was  subscquenily  more  rapid  b 


*  One  of  [be  authors  has  experienced  a  preciMly  similar  sensation  through  the  brain, 
qifaisl  cord,  and  all  the  lamifications  of  the  nerves  after  an  ovenluie  uC  Ivul  HGsik 
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Ok  uppn  tlian  in  lU  lower  ILmbft.     By  Jan.  i,  both  the  arms  and  foreanm  hid  per 

ccpliUy  snlAr(;t:il,  is  vna  also  shown  by  mcAsuiciaent.  The  patknt  coutd  himillc 
light  oiiJKts  anti  *iu  bt^ijming,  b  an  awVwanl  way,  to  feeii  hersell.  She  irunld  oi 
in  nculy  3  natnrikl  pu»itu>ii  in  Ikt  duui,  and  wticu  well  luppvitcd  (.ouU  lUnd  for  ae 
tavant. 

Kcbnuff  I,  tbe  ireatmcnl  wu  abandoned,  because  the  patieal  Memcd  lor  th« 
tiitic  la  remain  statianaiy.  At  that  limC  die  bad  increaaed  ia  wett;bt  to  llw  epical.  It 
u  ju»t  to  minuitc,  of  twenty-five  poundi,  although  the  pjtttcnt  was  not  wctgbcd.  Hite 
was  able  to  read  &hoct  pcuo^apb^  and  took  her  book  or  [»per  daily. 

On  account  of  the  wcaloicu  of  ibc  pcronei  muscles  of  the  rij^t  1^,  tba  fool  had 
■U  along  cjcbibitcd  a  Icndcnty  Co  turn  ia.     lliit  tymptoni  did  not  inipiova. 

After  the  treatment  was  diKODtinned,  the  patient  mill  projjres&ed. 

Wbca  Us:  &«n  she  lud  eaincd  from  thirty  to  forty  poutids  in  wctKht.  )ud 
nearly  full  use  of  her  anus  and  hands,  which  liad  rejfaiaed  their  iult  sue,  and  wai 
able  to  «1ep  with  awstancc,  and  appeared  to  be  prevented  from  walking  oloM  only  bjr 
|fiiddine».     She  could  read  for  houn  at  a  time  without  cxccuive  fatigue. 

Tlie  imjirovenient  iii  the  lost  few  manlhs  liad  bceit  greatly  aided  t;y  syitematic  ni> 
Liof;  and  toot-cuientt. 

In  the  above  extraordinary  cjLse  the  recon.1  was  never  complete,  btlt 
the  re'itilts  of  trcaiiiiciit  were  most  interesting  and  remarkable. 

Central  Paralysis. — Central  paralyses  are  those  which  depend  on 
some  sj'ecial  and  dtsiinci.  moibid  cunditiuu  of  the  brain,  ^^piiial  curd,  or 
sympathetic. 

Keiiii]>li-'gia  aud  |7ar.iple;fia,  with  their  complicatinns,  arc  the  more 
rrei^uciU  and  iiiipoicant  maiute!>taiiuii!>  ol'  paralyi^is  of  central  origin. 

When  the  morbid  process  is  in  the  ceiiinti  ganglia,  tlie  reaction  iiiay 
|}e  either  normal,  or  ljicrea&ed  or  decrca^t^d. 

When  diizinesi  is  excited  by  a  very  mild  galvanic  current,  there  is 
reason  lu  suspect  some  morbid  proce^  wiUiiii  the  brain.  The  diagno- 
sis of  tlie  diseases  of  the  brain  wicli  which  hemiplegia  is  associated  is 
much  aided  by  the  ophiliaUnoscopc,  which  frequently  reveals  changed 
in  the  optic  disk,  the  retina,  the  choroid,  and  the  bloodvessels.  Ctrt' 
i/ral  effuiion  vaxy  he  indicated  by  congestion  or  inhltralion  of  the  optic 
diik*  on  the  side  on  which  the  clot  exists  ;  titmort  of  tki  brain  by  neu- 
ritis, neuro-retioitis,  and  ischa^niia  ;  softening  occasionally  by  nenrftis 
or  atiuphy. 

Prapioiis. — The  prognosis  of  heniiplegii  under  treatment  by  elec 
tricily  is  in  general  much  better  than  has  been  supposed.  Manifestly, 
everything  depends  on  the  nature  and  seat  of  the  affection  as  well  aa 
on  the  age  and  constitution  of  the  pitienL 

The  prognosis  is  better  in  proportion  as  the  symptoms  arc  unconv 

■  plicated  ;  better  in  the  young  ami  niiddle-a^ed  thin  In  the  old.     Casn 

t/iiit  are  so  thoron^hiy  cured  a*  to  Uave  ng  marks  behm^  are  exfej^i^noL 
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T7:t  imf>rflvtm€ul,  howevir  raphUy  it  may  progress  at  first,  tuuaUy  siop\ 
at  wmf  paint  shcrt  of  a  perfect  etire.  The  majority  of  cases  c>.n  tw 
benefiteil,  sometimes  rapidly  bcncfilcd,  np  to  a  certain  point,  after  which 
the  itiiprovement  cannol  be  imshed  by  any  amount  of  Iteatnient.  U  \z 
furtlicmiorc  always  necessary  to  bear  in  mind  the  liability  to  other 
attacks  ;  very  many  cases  art?  ini[>roved  at  once  and  rapidly,  while  witS 
others  tlie  progress  is  almost  imperceptibly  slow. 

In /fir^if^r/ symptoms  (melancholia,  li^'pocliondrta,  etc),  the  pn^nO' 
si«  is  often  qnitc  favor-iblc.  A  persistence  of  these  psychical  complica- 
tions, even  when  other  symptoms  appear  to  yields  wc  liavc  come  to 
regard  as  an  unfavorable  sign. 

In  ancesthesia,  when  uncomplicated  with  otlier  symptoms,  the  prog- 
nosis is  remarkably  good,  even  when  variowsly  complicated  with  paraly- 
sis of  motion  or  disorder  of  the  cranial  nerves,  and  the  anxsthesia  may 
yield,  even  lliougli  its  associated  symptoms  are  not  affected. 

Jn  scTCtc  disorders  of  speech  tlic  prognosis  is  not  very  favorsible. 
They  are,  however,  siiscepliblo  of  treatment. 

In  impairment  of  tiutrition^thc  muscular  atrophy  that  so  frequently 
accoin))anies  hemiplegia — the  prognosis,  especially  when  the  cases  have 
not  been  too  long  neglected,  is  oflcntiiiies  exceedingly  favorable.  After 
the  affected  lower  limbs  have  become  much  reduced,  they  may  by  per- 
severing faradization  and  galvanization  be  restored  to  their  normal  stir. 

In  contractions  of  muscles  and  convulsions,  the  prognosis  Is  unfavoi- 
able. 

In  disorders  of  bladder  and  rectum,  the  prognosis  is  not  very  favorable. 

Id  affections  of  the  joints  the  prognosis  is  not  very  favorable. 

In  cases  complicated  with  hysteria  or  hysterical  sJ^^ptoms  the  prog- 
nosis is  belter  than  in  cases  not  so  complicated.  In  very  strong  and 
vigorous  persons  of  coarse  organization  the  prognosis  is  generally  not  SC 
good  as  in  the  nervous  oi^anization. 

Other  conditions  Iwing  the  same,  the  prognosis  is  mnch  l)cttcr  for 
those  cases  where  the  arm  is  not  affected ;  and  when  both  the  arm  and 
leg  are  aiTecte<i,  the  leg  is  susceptible  of  (he  earliest  and  greatest  iai- 
provemeiit.  The  chief  difficulty  in  the  hand  is  usually  with  the  txtett- 
sort  and  inter-osset,  which,  being  very  long  and  weak  muscles,  and  act- 
ing as  they  <lo  at  the  worst  power  of  the  lever,  are  the  greatest  sufferers 
in  hemiplegia,  and  are  very  slow  to  resume  their  normal  ftmcllons. 

It  ^ould  always  be  borne  in  mind  that  the  tendency  of  the  disease  is 
toward  recovery  tip  to  a  certain  extent,  and  that  the  improvement  which 
takes  place  in  the  early  stages,  sometimes  very  rapidly,  is  partly  due  ic  ■ 
future  and  time. 
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Efecirical  TVeatmeni. — Diseases  of  the  brain  of  the  different  varieties 
are  to  be  treated  by  both  general  and  localized  faradization  according 
to  the  indications  of  each  case.  General  raradizah'on  is  frequently  in* 
dicated  in  hemiplegia  as  in  olhcr  nmnifestations  of  disease  of  the  brain, 
on  account  cf  the  general  debility  of  the  functions  that  aeeompamn 
and  follffjps  an  attack  of  disease  of  the  brain.  It  improves  the  ^enerot 
nutrition. 

Central  galvanization  n-ith  a  very  mild  current  is  a  method  of  treat- 
ment that  is  of  great  service  in  these  conditions.  The  special  form  and 
locality  of  the  galvanization  will  dc|)end  on  the  supposed  locality  of  the 
disease. 

It  is  well  to  use  central  galranizalion  ahernately  with  general  or 
localized  faradization. 

There  is  little  doubt  that  this  method  of  treatment,  when  not  over- 
done, acts  bene6cially  on  the  nutrition  o(  the  brain,  directly  by  the 
passage  of  the  current  through  the  brain,  and  indirectly  through  the 
modificaiion  of  the  cerebral  circulation  by  the  irritation  of  the  symjia- 
thctic. 

It  must  be  confessed,  however,  that  the  exclusive  use  of  central  gal- 
vanization in  cranial  disorder  is  far  from  being  satisfactory,  and  for  these 
four  reasons :  J^irsl.  With  all  our  improved  means  of  diagnosis  it  is 
impossible  to  fix  with  anything  more  than  approximate  certainly  the 
seat  or  even  the  nature  of  the  morbid  process  in  diseases  of  the  brain  ; 
hence,  all  localization  of  the  galvanic  current  in  this  or  tliat  part  of  the 
head  must  at  best  be  empirical  and  tentative.  Secmdiy.  It  is  im- 
possible to  localize  the  galvanic  current  entirely  in  any  small  (wrtion  of 
the  brain.  Thirdly.  Diseases  of  the  brain  are  usually  accompanied 
and  followed  by  general  feebleness  that  demands  constitutional  treat- 
ment. AnA  fourthly,  llic  |iaial)-fiis  will  not  yield  to  merely  central  treat- 
ment directed  to  the  scat  of  the  disease,  but  nmst  be  treated  itself.  In 
hemiplegia  also  the  spinal  cord  becomes  affected  tlirough  disease  ;  hence 
the  theoretical  indication  for  galvanization  of  the  spine,  or,  better  still, 
the  entire  method  of  central  galvanization. 

General  faradization,  thoroughly  used,  affects  all  parts  <^  the  brain  and 
the  sympathetic  ai  each  application,  and  in  addition  powerfully  and 
beneficially  affects  the  entire  periphery.  The  improvement  which  il 
acquired  by  the  extremities  and  by  all  the  superficial  muscles,  and  by 
the  viscera  especially,  tmder  general  farad Lzatioti,  wc  believe,  reaeti 
fmorabty  0>t  the  brain  and  aids  the  reparative  froeess.  Our  best  resultt 
thus  far  Itare  been  obtained  by  the  combinaiwn  of  localized  faradisation 
cf  thefiralytrdmuidii.,  general  faradisation,  and  central  ^a/tanisattM 
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In  the  majority  jf  cases  of  hemiplegia  t)  e  muscles  arc  not  so  badl> 
paTaJyzed  that  tliey  will  not  readily  contract  during  the  process  of  gei-eraJ 
faradization.  Localized  faradization  with  careful  and  special  reference 
to  the  motor  ]>oint5  is  therefore  not  necessary,  and  as  general  faradiza- 
tion acts  more  or  less  on  the  spinal  cord,  which  is  secondarily  affected, 
,  and  on  the  whole  system,  which  in  time  becomes  debilitated,  as  well  af 
^On  tiie  paralyzed  nmscles,  it  is  well  oftentimes  to  use  thai  method  in 
connection  with  localized  faradization  or  in  preference  to  it- 

In  regard  to  the  comparative  merits  of  central  galvanization,  periph- 
eral and  general  faradization,  and  localized  galvanization  of  the  nerve- 
centres,  in  hemiplegia,  we  should  say  decidedly  that  the  latter  method — 
localized  galvanization  of  the  brain,  sympathetic,  and  spinal  cord — isthe 
least  Important.  By  itself  alone,  unaided  by  other  methods,  it  will  ac- 
complish but  a  liltie.  It  comes  in  very  well,  however,  to  sup[)lement 
other  methods,  and  may  be  used  in  connection  witli  them.  The  full 
melhod  of  central  galvanization,  however,  by  acting  thoroughly  on  the 
whole  central  nervous  system,  ucconiplishcs  much  in  hemiplegia,  and 
may  carry  on  the  improvement  after  peripheral  and  general  faradization 
have  finisiicd  their  work  and  lost  their  efficacy. 

Time  0/  beginning  Treatment. — In  regard  to  the  time  of  beginning 
treatment  after  an  attack  of  hemiplegia,  each  caiic  must  be  sltidied  by 
itself.  As  a  rule,  it  is  better  to  wait  two  or  three  weeks,  until  die  active 
irritation  in  the  brain  has  in  a  measure  subsided.  The  almoi>t  uiiiver- 
tally  entertained  idea,  that  it  is  better  in  all  cases  to  wait  three,  four,  or 
six  months,  until  the  muscles  have  been  long  atrophied  and  contracted, 
and  the  shoclder  joint  become  perhaps  permanently  immovable,  before 
beginning  electrical  treatment,  is  one  of  the  most  serious  errors  of  elcctro- 
therapeutici.  If  proper  cniition  be  used,  it  is  never  necessary  to  injure 
the  patient  at  any  stage  of  the  disease.  Cases  that  are  taken  early  may 
be  treated  at  first  by  exclusively  localized  faradization  ;  and  aflcnvards, 
nlien  that  has  accomplished  all  that  it  can  and  the  patient  ceases  to 
progress,  it  may  be  well  to  resort  to  general  faradization  and  ceniial 
galvanization.  Klectrization  of  the  facia)  umscles  on  the  affected  side 
sometimes  materially  aids  Uie  si>eech,  but  It  may  cause  unpleasant 
symptoms,  and  in  the  eaily  stages  especially  should  be  avoided.  J\fi/d 
galvanization  may  sometimes  be  used  before  faradization  of  the  muscles. 

Aecessories  la  EUctrteal  Treaiitieut  oj  Paralysis. — The  treatineni  of 
paralysis  of  all  kinds  by  electricity  may  be  greatly  aided  by  observing 
the  followirig  rules : 

I.  Thoroughly  soak  the  part  with  warm  water  before  beginning  treat 
me^.     When  this  is  done  a  much  feebler  current  willl  produce  CQTiMvb 
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dona  and  the  contractions  will  be  more  activei  and  >oinc  muscles  wili 
readily  contract  which  otherwise  would  not  contract  at  alL 

Tite  skin  when  dry  is,  as  wc  have  seen  (Klcctro-Fhysiology,  i).io8),  a 
poor  conductor,  and  in  ]>ro|>ortion  as  ii  becomes  thoroughly  moistened 
in  tliat  pf()[iortion  docs  its  conductivity  increase. 

2.  Relax  the  muscles  when  the  application  is  made.  The  advan- 
tage of  the  observance  of  this  rule  is  decided  (see  Electro- Physiol o^, 

p  147)- 

In  Heating  paralysis  of  the  extensor  muscles  of  the  hand,  for  example. 
Hex  the  hand  backward  a  little  anil  then  relax  the  extensor  muscles.  In 
treating  paralysis  of  the  peronci  muscles  of  the  leg,  raise  the  foot  so  as  to 
relax  these  nniscles  and  [he  tibialis  anticus.  The  muscles  of  the  ihij^h 
are  most  relaxed  when  the  patient  ts  sitting,  and  most  tense  when  the 
patient  stands.  In  treating  paralysis  of  the  face,  draw  back  the  muscles 
of  the  affected  side  toward  the  ear.  Dr.  C.  H.  Dctinold  lias  suggested 
llie  use  of  a  blnnt,  curved  wire.  This  wire  is  placed  in  the  corner  of 
the  mouth  and  the  other  end  is  attached  by  an  elastic  10  a  airved  wire 
behind  tli«  ear.  This  contrivance  may  be  worn  not  only  during  trcai> 
ment,  but  at  night,  if  it  be  not  too  disagreeable,  and  an  hour  or  so 
daring  the  day. 

For  kci-ping  the  hand  raised  in  lead  paralysis  Dr.  Gea  Van  Bibber, 
of  Baitimorv,  has  devised  a  contrivance  consisting  of  Saj-re's  anificial 
rubber  nmscle  connected  by  eyelets  to  elastic  bands  attaehtd  by  ad- 
hesive plaster  to  the  arm  above  the  elbow  at  one  extremity,  and  at  the 
other  extremity  to  the  hand  and  finger*. 

Dr.  Van  Bibber  hss  utilized  the  aame  principle  in  the  treatment  of 
ptosis.  In  order  to  hold  up  the  lid  he  applies  a  nanow  bit  of  adhesive 
plaster  to  Ilie  forehead,  and  to  the  lid  itself. 

3.  Enlist  the  mental  co-operation  of  the  patient  in  the  IrcatmcnL  Let 
bim  try  to  move  the  paralyzed  muscles  at  the  very  moment  that  the  cur- 
rent is  applied.  Concentration  of  will  atone  is  sufficient  to  help  par- 
alysis, as  has  been  proved  by  actual  experiment. 

4.  Passive  movements  of  the  limbs  at  the  joints,  massage,  and  niaot- 
pulation  of  individual  muscles.  The  joints  slioutd  be  rotated  so  as  to 
combat  the  tendency  to  stiffness  and  the  kneading  of  the  muscles  should 
be  carefully  and  thoroughly  performed,  massage  and  passive  movements 
are  usually  but  half  done. 

5.  Apply  dry  heat  to  the  affected  muscles  before  the  electricity  is  ap- 
plied, or  at  any  time  during  tlie  intervals.  This  can  be  done  in  varioui 
ways  A  good  way  to  bring  a  |>aralyzed  arm  or  leg  under  the  prolonged 
liiflur-nce  of  dry  he  U  is  to  take  a  connnon  sewer-pipe  as  sold  in  tiK 
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shops,  of  asuitalilosizcamlcur\*atiirc,  heal  it  llirough  In  an  oven,  cover  it 
with  cloths  and  U-i  tiic  liiiili  remain  in  it  tiniil  tlie  heat  is  dissti-atcd.  In 
this  way  not  only  tht-  forearm  and  leg,  but  the  whole  arm,  indnding  the 
shoulder-joint  and  the  thigh  with  joint,  can  be  daily  subjected  to  the  cf- 
fvct  of  the  prolonged  heat.  This  ireaiment  not  only  temporarily  increases 
the  electro  muscular  contractility  of  the  paralyzed  nniurles,  but  perraa- 
ncnily  improves  the  nutrition  both  of  the  niusclcs  and  of  the  slilTened 
joints.  Dr.  Charles  K  Taylor  allows  his  paralyzed  patlcnis  tu  warm 
iheir  paralyzed  limbs  in  a  hot  oven  arranged  for  that  piir|)ose. 

All  the  above  suggestions  will  apply  to  the  trcatmsnt  of  eveiy  form 
of  paralysis, 

Ki^kt  kntiifiegia  romimg  on  ^r^ually,  with  Kttmhmfst  end e^lJiteiM  in  right  Ug ; 
tiigkt  anatiStsia  p/  right  hi»J,  •itJ  tomideraMt  an<rtthesia  cj  right  trg ;  imh» 
Jimimiliim  ef  eleetra-mustulitr  eoMrAttility  in  right  leg — Gastrn/gia,  iusiwutiii, 
afld  grr-tt  mtutai  tIfpreiiMH — Important  impravft»ent  iitider  gtntral /araJiUttUH 
and p^rifhtra!  gntsaMizattan — Suitet/ufut  rtuevoed  attack. 

Cask  LVII.— Hon.  .Mr.  G.,  «^J  59,  Tur  iitjiiy  $«ars  Unital  States  Semtor, 
w»  rcferri!.!  lo  m  O.-io'tcr  19,  1S6S,  by  Prof.  Aii*Hii  l-'liiit,  l>.ifiii2thec«itcmeni  ol 
the  Iiii]cacliiiKnt  Trial  the  {ttlicnl,  wtiose  couMitatiun  wbk  alwaj-G  tuppoiol  Ui  Lv  of 
the  HrongMt.  ol»crv«l  n  fceliii;;  of  coVlneu  of  \\\t  r ighi  leg  Bl  nit;lii.  This  colilne*s 
iKtU-e^vr,  wufi  not  very  inatL.c(l,  iincc  bii-  alleiUiun  wai  firtl  caIIciI  lo  llic  coittlition  liy 
his  wif«.  Cue  dsy,  while  \\\  Co»{;rc«,  and  ilionly  -iflcr  the  delivery  of  Ms  ii[niiinn  on 
Itic  IinpcndKiicut,  be  e^pci  ieiiuetl  a  UigliL  .iLUi:lc  of  tieiu'ipkj;).!,  wludi  lic  citiJcavureii 
u>  walk  off. 

Itcfore  coming  to  New  York,  he  luul  ictxivcd  the  very  pernicious  advice  to  titke 
vti*oroo«  and  *evtrc  muH^ulnr  exercise.  Acting;  \l|ian  itiis  iuif»itimnic  su^^^^tiOD,  be 
bM  foiouiii  injureil  hinuclf  at  ihe  CAliuiilLne  laboi  of  tliopi^ing  noo>i  lie  i;rcvrde* 
ctJcIly  wone,  and  l>ecame  exceedingly  depressed.  Under  lUc  ailvk-c  uiid  molioition 
idniiniktercd  by  I  rof.  Flint  he  liad  nicaturably  improved,  and  at  the  lime  «c  firil  uw 
liim  tlicre  wa.t  a  tendency  toward  recovery.  lie  complained,  hoHcvcr,  o(  pcruatent 
inMmnia,  conM<lcrAble  j;a»trid^'ia,  wrilh  indigestion,  pain  in  the  lr>wcr  pari  of  the  back, 
and  very  great  meutui  depteWon. 

EJe<trie  lamination. — Slight  an.'Kflheaa  of  right  hand  ;  caniideralile  of  ri^jh!  leg ; 
■onut  diminution  of  clcclro-ntUKular  coiilractility  ui  the  htukIcs  atiot«  the  l<i>cc  un  lU 
ri;;htade;  no  diminution  of  electro  muscular  scnMhiliiy;  the  voHtiunal  power  of  the 
musclos  was  intact,  and  tlic  patient  could  walk  a  conildciable  diilancc. 

The  case  demanded  a  general  tonic  as  well  u  merely  local  ireainient,  and  wc  accord* 
Ingly  ii'ed  general  fantdixalion  daily,  or  every  Pther  day,  ocgaMonally  [naking  u*«  of 
galvaunaiion.  U  was  not  long  Ijcfore  imptovcmcnt  wai  iiiauifcit  ill  all  (tie  Icadjii 
%fm\Aoinf.  He  boob  began  to  >Icep  and  to  digest  better,  and  was  miicU  relieved  of 
the  pains  in  the  bock.  At  ihe  end  of  five  weeks  the  patient  alfanOoned  treatment,  and 
■c  fu  improved  that  in  tlie  early  p.\rl  of  Dotcnibcr  lie  resumed  hi»  »*mI  in  Cotigresi^ 
ati'l  during  the  entire  winter  continued  Ln  llic  eicercise  of  lus  oHiLial  iliilies. 

Willie  under  ireaimcni  by  ekclrii.ity,  Itc  at  the  same  time  continued  the  use  of  bro* 
mile  of  jtotAKunin  atid  otlier  iiiiuiul  rcnicdio,  uith  spetud  rc*:ia\v«  \u  \\a  ^XvjtwsA^i 
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In  the«p^ng  fullowinf;  the  patient  vkited  Europe,  where  he  vw  engaged  la  plesri 
in  ■  CAM  at  law,  Ttic  excticineiit  broLi(>h(  on  a  <iew  xitick,  wliich  lefi  him  in  a  ciin- 
dilion  of  dn]x)mlcac]',  Irwui  wlucb,  bd^vev«r»  lie  Uuwly  lalUed.  H«  ailctwaitlkOieJ 
of  auuiltcf  iiiica><. 

GhsiO-Iaryn^ea!  Paralysis  {Ghssopharyni;eai  ParaJysU). — The  dis- 
tinctive features  of  this  aifcclion  arc  paralysis  of  ihc  tuuscles  of 
the  tongue,  lips,  soft  palate,  and  also  of  the  pharyox  and  larynx. 
There  \i  diflficuUy  both  in  speaking  (especially  iii  pronouncing  certain 
letters)  and  swalluwing.  Tiie  saliva  dribbles.  Food  is  sotnetlmes 
forced  into  the  nostrils  or  Urynx.  Id  the  last  stage  there  is  debility  and 
'iifliculty  of  respiration. 

Progmsis. — This  disease  ia  bt;lieved  to  be  surely  fatal  in  a  few 
months.  Faradization  of  the  pharynx. ind  tongue  ishonrever,  of  essen- 
tial service  in  occasionally  relieving  the  difllicuUy  in  deglutition,  and 
also  sonic  of  the  other  byinplonis. 

Ghuo-pkaryngta! paratyiit  of  nine moHlkf  JtaHding—Grfat  Jij^enlty  it  t/t*Jti»£ 
andtwaihtaing — Tunforary  and  tUtidtd  imp^eiutmtiU  under  /araduatum  und 
gahpstuaati^n  of  tht  mffteled  partt. 

CasiI  LVIIl, — Mr.  K.,a^cJ  43.  a  short,  stal>L7,  plel boric  Uemun,con»ulieJ  <t\ 
Hay  iS,  with  nurked  and  i^-pfcil  ^ymptomM  <  f  ^loasa-phafyncc-il  panU>-&U.  His 
■-tUficully  of  Kpccch  wu  very  great,  anil  any  attempt  to  read  was  exceedingly  tudkretu. 
lib  etpccial  diiriculty  wat  In  jironuundug  certain  vuweU,  a>  a,  a.  In  eating,  panicla 
&f  fof"l  were  thro*!!  up  in  the  upper  an  J  po»tcrior  {ibaryngeal  >]iace,  and  li'iuidl : 
•  tnici  were  cxjiclleil  ihrou^U  llie  iimttiili. 

The  patient  rcferretl  ihe  Ix^inniiig  of  h!i  5)tn|t(oini  to  a  very  levere  cold. 

Three  localiMil  fontdixatiuns  were  fiil]ttwcd  liy  [aanifett  ituprorenient  in  mott  oTfbfi 
■ymptoim.  and  especially  in  the  itwallowin^ 

May  29.  galvaniiation  waa  commenced.  auJ  was  continued  wiUi  atiQ  fuillMr  miptore- 
ment  iKiih  in  »i>cakJng  ami  itrallowJiig. 

or  Lhc  uMie  of  tbc  cabc  we  Itavc  hctct  heard, 

OiatMf-pJkai'yiigta/  faralytis,  uiitA  Aemi'fi/rgia  «/  U/t  liJt  of  Ikrtt  ytar^  UtiMdrng^ 
CAronit  fJtarymgiti^—lfo  imfrevtmumt  under  a  ikort  eeurt*  of  tlxtruatien, 

Cass  LIX. — Capl.  Ocor^c  I!,,  n<:;cd  55,  tocuolted  as  on  (Mutter  15.  wUh 
■yinploniMjl  hciniplc^ia  an'l  glu^so-laliial  paialy^.  Cetlain  leiten,a«h.  p.heroul(l 
not  articulate,  and  couveraaEion  was  a  nuticrof  conwileTalilc  'diitkidty.  lie  cvuld 
walk,  t>ut  needed  ainistnnce  in  asceoding  Main  u(  ciov&ing  ttrccts. 

TUe  accompanyiii]^  Byin|>tuins  ucri;  bi  every  way  (lit(Ouri^;iiii£,  The  patient  waa 
partially  uiKutc.  Nmurally  kind  and  );enijd,  be  had  bei-vine  cxcewwly  iniuble  muA 
inconsideialc ;  wz^  at  times  impatient  anil  violent. 

Looaliied  an  1  general  faradiiation,  atienjpicd  Tut  a  tlivrt  tinie,  proved  of  tui  Krvha, 
and  the  p^iiieat  was  not  cnconraged  to  conlinue  ireaiment.  We  afterwnrdt  learned 
that  his  [lyinptaini  jpadually  became  worse,  in  xpiie  uf  variuua  hyxliupatbic,  c<iujduiU|^ 
and  other  mcthcKla  of  cure  that  lie  attewplcd,  and  io  three  yean  he  died. 
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We  do  not  presume  to  say  that  the  case  that  immediately  follows  wrai 

one  in  which  there  had  been  any  decided  atrophy  ofnenu  it&.suc,  and 
yet  all  the  S)'ni))lom3  of  which  the  patient  complained  were  of  tlic  most 
persistent  and  distressmg  type,  and  seemed  to  point  unmistakably  to 
slnictuial  lesion.  If  there  was  no  decided  structural  change  pre&eni 
In  the  motor  roots  of  the  upper  portton  of  the  cord,  as  the  immediate 
effects  of  the  treatment  would  seem  to  indicate,  the  case  aiTords  an 
instructive  illustratioQ  of  those  purely  functional  conditions  that  occa- 
sionally simulate  with  such  exactness  incurable  diseases  of  organic 
ongin. 

Kttfid  rtttntry  of  a  mpf^td  tou  of  ghn»-laryngtal  faralytit  a/tArayear^  ttamd' 
ing  undtr  galvamtatitn  »/  tht  nttk  ami  npftr  p^rtim  c/  Ifu  €i  rJ. 

Case  LX. — Mr  P..  a  genilem&n  aged  45,  wuiCJttaus  !iy  Dr.  James  Anderson. 
Some  three  years  prevvuiuly  die  |i«tienl  lud  firri  ubvcrvcd  a  ili|;lit  neaw  of  &lilTii«^  in 
Ike  tongue,  gLMdctated  with  a  feeling  of  cooUriction  in  the  plwrynx  mid  bu-^iix,  Occa* 
lionolly  his  speech  became  thick  and  house ;  some  words  ivcre  pronounced  bxlly.  And 
lie  fuimd  it  diffitult  to  <:ont(«<.i  ttie  lips.  At  such  tiiues  uailLolapitooia  Wiuptesent,  and 
when  lie  aiicni|)tc(I  la  convene,  [he  effort  was  attendee .  witli  a<Ie|^ee  of  discomfort  II 
not  pain.  For  sevctal  moiillui  these  s^iiipli^ms  had  lernaiucd  stationary,  with  Lh« 
■dtiliion  only  of  some  little  weakness  of  respiration. 

FiuaUy,  however,  he  nijtii:c>l  some  difficulty  io  the  act  of  de^lulitton,  which  in  iIm 
course  of  a  few  weeks  to  markedly  increased  as  Io  threalcn  sufTocation.  lie  dreaded 
every  attempt  at  eating,  and  fretincntly  in  the  place  of  his  regular  meal  he  would  take 
a  considerable  qoaucity  of  biaiidy,  the  (tiitiulaling  effects  of  which  would  often  tempo- 
rarily seem  to  restore  power  to  tliedljfajwd  parts.  For  more  than  two  year*  ihl* 
palienl  luul  tuffeied  lu  tliLs  way.  Althou^^h  he  liad  uncca»iii4;ly  toughl  relief,  every 
method  that  he  aitempte<l  signally  failed  in  alTurd  the  lUghtesi  service.  On  applying 
for  electrical  Ireatmeiit.  we  al  once  sutjiuitted  hiiit  to  a  uiild  :tiauce  u(  tctitral  ^vaii>. 
calion,  after  which  »  current  uf  somewhat  j^reater  strength  wa<t  as  nearly  as  po^Iltle 
tocalued  in  the  u[>pcr  [loition  of  the  cuid  and  lit  motor  loolik  This  acvoiitplbhcd 
noihiiig,  ami  n^  the  (attcni  |;ave  evidciii.e  of  being  decidedly  unnucepcIUIe  in  ordinary 
electrical  iiillLivucirs,  we  attewpled  at  lite  second  stance  Co  localise  b  tlie  suppo«ed 
iCal  uf  llie  diwa^  a  current  frtim  1 5  culls,  gradually  iui-reaang  it  to  35  cells. 

Cuiitiderablc  vertigo  with  slight  spasmodic  couliadion  of  tiic  Urytu  followed,  last- 
ing scseral  minutes.  On  the  following  day  lie  rejiortcd  thai  he  was  ahle  to  eai  with 
markedly  increased  comfort,  and  that  during  l)ie  tutcrvals  of  caling  he  fdt  completely 
reorvaeiL  Eight  similar  applkatious,  but  with  grailually  decrea^Jng  atrenj^th  of  cur. 
rent,  weie  followed  hy  complete  recovery.  In  a  few  inonihs  he  suffered  a  diglit  relapse 
from  which  he  speedily  recovered  by  a  short  course  of  treat. iienc  Two  )cars  have 
e'upsed  since  the  trcatmeitC,  and  the  patient  cociitioucs  ucit, 

Paralysu  0/  tkt  muMtUt  0/  Ike  met  and  thin  with  Jytphagia.^ffot  treated. 

Case  IJCl.— Mr.  L.,  ajed  60,  referred  to  ua  by  Dr.  E  R.  i'caslce,  was  paralyiud 
in  the  mii«cle»  supporting  the  head  and  chin  ;  dysphagia  w.«  marked,  and  Icgluiitiun 
was  so  much  impaired  that  eating  was  attended  with  much  difficulty. 
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Our  diagDOsu  wai  ceotru  ledon,  the  cJilef  expresnon  of  wlu.  b  wu  atruphy  ol 
titc  molor  roou.  We  were  jiermltlcU  to  lue  lae  galvanic  currcni  but  about  lhr«« 
tinin, 

Nu  bmcru  ^ru  derived,  but  at  furtlier  trial  mii^tit  have  alleviated  tlie  ^rmpti^tiu 
•mncwbat. 

Paralysis  of  Spinal  Origin — Paraplegia.— ^hc  exact  dtffrrcntial 
diagnosis  of  the  various  morbid  conditions  of  the  spinal  cord  that  give 
rise  (o  paraijlegia  is  sometimes  a  iiiatler  of  coitsiderable  diflicuUy,  and 
for  these  two  reasons  : — 

1.  All  known  itiorhid  conditions  of  the  coni  have  more  or  less  s}'m)>- 
!om9  in  comnion.  In  order  that  any  of  them  rnay  be  of  special  diag- 
nostic %-aliic,  it  is  necessary  thai  tliey  should  be  taken  in  connection 
will)  other  symptoms. 

2.  Many  of  the  morbid  conditions  of  the  cord  are  complicated  nriih 
eai:h  other,  and  tlic  symptoms  must  be  correspondingly  complex.  Thus 
meningitis  may  exist  with  myelitis,  and  the  tcmi  myelitis  itself  is  a  genus 
of  which  there  are  several  species.  It  is  difficult  to  draw  the  line  where 
iriitanon  emis  and  congestion  begins,  and  equally  difficult  to  determine 
at  what  stage  a  condition  of  hyperxmia  or  congestion  becomes  a  con- 
dition ofintlanmiation. 

JiUeirff-Diapioiis. — In  the  early  stages  of  si)lnal  [Kiraplegia  the  gal- 
vanic and  faradic  reaction  may  be  normal,  but  in  the  course  of  a  few 
weeks  or  months  becomes  diminished.  In  most  of  the  cases  that  con- 
sult tlie  physician  there  is  diminished  or  destroyed  etectro-muscnlar  con- 
tractility. 

Electro  muscular  sensibility  is  usually  more  or  less  dlQiinished.  Elec- 
tro-muscular contractility  is  usually  much  iiioie  diminished  in  the  severe 
fomis  of  pai-aplegia  tlian  in  hemiplcgix  In  cases  where  the  posterior 
columns  are  affected  electro  anaesthesia  may  also  exist. 

Treatmrtii. — In  hemiplegia,  as  wehaveseen,  the  electrical  treatment  ts 
snbittanlially  the  same  whatever  the  nature  or  seat  of  the  cerebral  lesion- 
Similarly  in  paraplegia  the  treatment,  so  far  as  electricity  is  concerned,  b 
the  same,  whatever  be  the  nature  of  the  spinal  lesion  on  wliich  the  )>ara- 
plegia  ilcpcnds.  Spinal  paraplegia  should  be  treated  by  galvanization  of 
the  spine,  and  |ienpheral  faradization  or  galvanizarion ;  to  dcpeml  on 
one  mclhod  solely  is  imnecessarj'.  In  paraplegia  the  clectrO' muscular 
coniraciiliiy  is  frequently  so  much  dijninishcd  that  it  is  necessary  to  give 
l^articular  attention  to  the  motor  |>oiiits  in  order  to  produce  contiactions. 
Whether  general  faradization  and  central  galvanization  be  employed 
will  deiK-nd  on  the  general  condition  of  the  patient.  In  the  early  oi 
subacute  stage  the  si^ances  should  Ik:  short;  in  the  chronic  stage  tlie 
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ices  miy  someliiiies  be  more  protracted.  In  many  incurable  casej 
the  general  tonic  effects  of  general  roradizaiion  alone  are  ol  very  great 
lervice. 

/V«Xm«ix.— Nearly  all  cases  of  spinal  paraplegia  can  be  benefited 
by  electrical  treatment,  but  rery  few  can  be  entirely  or  permanently 
cured.  We  may  luulc  for  perfect  reco%-cry  in  some  cases  that  arc 
(afcen  early,  and  in  cases  that  depend  on  h)-stcria,  congestion  of  tlie  cord, 
or  exhaustion.  Cases  of  myelitis,  meningitis,  and  non-indainmatory 
softening  are,  as  a  rule,  but  little  benefited,  ahhotijjh  tliey  may  some* 
times  improve  quite  rapidly  under  electrical  treatment  up  to  a  certain 
point. 

In  cases  of  reflex  [taraplegia,  however,  tbe  faradic  current  is  ex- 
ceedingly  useful  in  preventing  the  ill  effects  of  rest  on  the  paraly^etl 
muscles  and  iiiaicrially  hastens  recovery. 

Peripktrai  Paralysis. — A  true  peripheral  |)aralysis  manifestly  excludes 
all  lesions  or  influences  of  a  ccnnrat  origin.  The  cause  must  be  sought 
for  in  some  j>orliou  of  tlie  nerve-tract  after  it  has  emerged  ficom  the 
bones  that  enclose  the  nervous  centres. 

The  princiial  causes  of  peripheral  paralysis  are  : 

1 .  The  adion  of  cold  on  the  superficial  distribution  of  nerves, 

2.  External  injuries. 

3.  Pressure  on  the  nerve  from  morbid  growths,  etc, 

4.  Destruction  of  a  nerve  by  ettrious  bone,  etc. 


Facial  Paralysis. — ^The  most  prominent  form  of  peripheral  paralysis  is 
that  of  the  seventh  pair  of  Tiervcs.  The  symptoms  ol  facial  iiaralysi^*  vary 
not  only  as  its  cause  is  central  or  peripheral,  but  alsn  according  toihc  por- 
tion of  the  nerve  affected.  Paralysis  of  the  sev^-nth  pair  without  coinci- 
dent paralysisof  an  arm  or  ley  scldox  results  from  cerebr.-il  hemorrhage. 
It  may  occur,  however,  but  it  may  be  readily  distiiiguisiicd  from  the 
peripheral  fonn  of  the  affection.  In  complete  facial  paralysis  of  peri- 
pheral origin  the  erhieularis  palpebrarum  muscle  is  paral\zed,  and 
the  eye  cannot  be  entirely  closed:  ^'hile  if  the  cause  is  central  this  mus- 
cle is,  as  a  rule,  unafficted.  and  the  eyelids  can  be  brought  together. 
In  some  exceptional  cases  a  certain  lesion  may  paralyze  the  orbicularis 
muscle,  "while  occasionally,  in  peripheral  facial  paralysis,  tlie  nerves 
that  supply  the  muscles  of  the  eye  may  escape,  thus  leaving  it  free  to 
close.  The  fact  that  in  fat-ial  paralysis  of  central  origin  the  electro- 
musaitar  conlractility  is  unimpaired,  while  if  the  nerve  itself  is  ihe  seal 
of  the  injury  llie  nmscles  refuse  to  respond  to  the  faradic  current,  mat. 
terially  aids  us  in  diagnosis. 
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EUctro-Diagnosi$. — In  facia]  paralysis  of  a  peripherai  arigio,  the 
/flr<Jd'<»-/ffi«ftf/jr  contractility  is  usually  dimitished  or  lost;  galvaMO- 
muscular  contraclility  may  be  iitcreased  or  iiomial ;  tliough  in  sutitr 
cases  it  may  be  diminished,  it  is  rarely  lost.  Facial  iiaralysis  is  one  uf 
ibe  conditiotis  in  which  tlie  difference  between  the  two  curients,  m  tlicir^f 
power  of  producing  contractions  of  muscles,  is  typically  shown.  The 
galvano-muscular  contractility  sometimes  becomes  so  much  iocreased 
tliat  when  the  farado-muscular  contractility  is  entirely  abolished,  the 
diseased  muscles  respond  to  a  much  feebler  galvanic  current  than  is 
necessary  to  produce  contractions  on  the  healthy  side.  As  the  luusclet 
resume  their  normal  condition  ujider  treatment,  the  galvano-muscular 
contractility  diminishes. 

Prognosis. — The  prognosis  of  facial  |taratysis  of  a  peripheral  origin  is 
generally  very  favorable.  Few  forms  of  paralysis  yield  so  surely  zs  this, 
provided  tlie  cleclrical  Irealmeut  be  used  with  sufficient  perseverance. 

Treatment. — Facial  paralysis  should  be  treated  by  localiicd  faradiza- 
tion and  galvaniiuidon.  When  the  muscles  fail  to  respond  to  the  (iua- 
dic  current  it  is  of  but  lit'tle  worth  to  use  it ;  it  is  far  belter  lo  depend 
on  the  galvanic  current.  In  this  di.scase  tlie  currenl-reverser  electrode 
is  exceedingly  convenient.  A  cuireiil  just  .suflicicnt  to  produce  con- 
traction of  the  muscles  is  belter  thun  stronger  currents,  and  short  ap- 
plications arc  preferable  to  long  ones.  B 

Parial  faraiyiij  from  tx/oiurt  to  cold— Lost  of  conlroftilily  to/aradie  tttrrtnt—fim- 
frdvement  untUr  tJu  gatvauic  turrtnt. 

Case  L.\tl-— MUs  P.,  a  stoni,  vigorous  young  liidjr  of  1$.  wsSMQlto  as  by  Dr.  F. 

Elliot,  to  be  triMted  fur  paralyUBuf  the  seventli  piilr,  un  the  Id't  ade,  caoaed  by 
exposure  to  a  ilrau^ht  of  xtr  two  months  previous.  The  i>aral]ttc  tym^rtonui  cunc 
Du  MidiJeiily  aii<i  in  full  force  irniii«liajely  artcr  the  exposure,  and  at  fint  Um  experi- 
enced conUtIcra}>le(li(1irulty  in  ipcaVing. 

S!ic  gniilually  became  to  accustoinoJ  to  the  obnarrna)  comlition  of  her  lips  and  fsec 
that  ihe  w»  able  to  converse  alcnosl  as  clearly  as  before  ;  but  the  improvement  in  the 
cooJition  of  the  poralyied  miuclcs  was  very  &law,  and  at  the  time  she  came  to  us  tbi 
afleclton  appeared  lo  be  almort  scatiomary.  At  t1ie  time  the  received  t)ic  Ant  appli* 
cation  at  our  hands  (Aug.  i,  1S63),  she  presented  mort  of  tbennul  ^mptocBSof 
poralysii  of  the  leventli  pair. 

Her  mouth  was  drawn  over  towards  Che  healthy  ade  so  violeatly  as  to  prodnoe  «Dit> 
lideralile  deifomiiiy  when  she  laughed  or  convmn^  and  even  when  she  sniQed.  WliCB 
the  attempted  to  frown,  tbc  left  brow  remoiuei  as  smvotb  as  that  of  a  child. 

Her  left  eye  culled  up,  and  when  she  altcmplcd  to  cln«  it,  the  lids  would  not  v^ 
proacli  nearer  tliaa  onc-quaitcf  of  an  inch  to  each  otiier.  A  powerful  faradic  evnnt. 
L^caliied  in  the  aiTected  miuclei^  producei]  very  feeble  or  {mi>c[fect  contractioas } 
while  on  ihe  wuitd  tide  a  very  mild  curreot,  applied  «itb  the  hand,  producttl  actm 
eonlraclions  of  all  the  prind^V  muscles.    The  pattosl  wju  so  well  in  all  other  levpecu^ 
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Ibu  we  decided  13  nae  only  putkl  or  IocoIUrI  electtbfttion  over  oil  the  musda  oa 
the  left  ndc  of  the  face.  Two  vigorous  a |i|il  11:21  tons  iDJc.le  111  tliis  way,  uae  electrode 
bctDg  pUccd  firmly  In  front  of  (he  ear,  and  tlie  other  poueJ  over  the  ramiliestions  of 
the  Kvcnin  i>3it,  as  well  u  over  the  individual  inmde*,  did  not  wem  totnureaM  to  aay 
ippredablc  extent  the  cIcctTO-mtucuUr  coniractUltjr,  oud  accordingly  we  resolved  to 
■dopt  an  entirely  diffeteiit  method  of  ynTfare. 

The  next  lime  wc  Inodiud  the  galvanic  current  tlirongh  tlie  \eTt  side  of  the  face, 
u)d  vriih  ibc  best  resnlta.  Coatractions  of  [he  paralyzed  inuKln  were  at  unce  pro- 
dnced  that  were  ai  vigorous  and  tu  natural  at  {hcne  caused  Uy  the  faradlc  current  on 
the  healthy  tide,  and  by  a  currant  lliat  had  no  clTect  on  tti«  healthy  ude. 

The  patient  began  at  onoe  to  improve,  and  after  ten  visits  diitributed  over  a  period 
of  six  weeks,  she  was  dismiuod  u  approxtmatcly  curi.-d.  There  itill  retniuncd  tomt- 
deliciency  of  action  of  the  muKles  concerned  in  frowning  oiid  in  winking  but  the  ex* 
prewgo  of  her  face,  both  ta  r^ioM  and  in  coDvcrsation,  wa«  BonnaL 

Tlie  interesting  [wints  in  this  case  are  these ; — 

J^irjf. — The  galvanic  current  iiroduccd  contractions  and  wrought  a 
cure  when  th*.-  induced  or  faradic  utterly  failed. 

Second. — The  p3Lralyze<l  muscles  were  at  first  brought  to  contraction 
by  a  galvanic  current  thai  had  no  effect  7okatever  on  the  muscles  cf  the 
healthy  side.  As  the  patient  improved,  however,  it  became  necessar) 
to  use  a  stioiiger  galvauk  current  in  order  to  produce  the  contractions. 
Towards  the  dose  of  the  treatment,  the  muscles  of  the  |>ara]yzed  side 
began  to  respond  to  the  faradic  current. 

That  the  faradic  current  may  sotnetimes  work  well  in  facial  paralysis 
u  shown  by  the  following  case : — 

Partial  parafynt  of  (kt  right  liJi  of  the/aet,  with  iontriutiaH  0/  muMkt  f^ljtoing 
natralgia—Ap^Miimatt  re<ifv*ry  unJtr  loeaUttd /araJitatiim. 

Cass  LXIII. — Miss  J.,  Bj;cd  40,  came  to  us  in  Itie  early  port  of  September,  to  b« 
treatvil  for  rigbt  facial  paral)-ki«  of  n  peculiar  character,  llcr  face  was  drawn  to 
:bc  right  side,  k>  that  her  features  were  very  touch  distorted.  Wc  at  first  supposed, 
and  very  naturally,  that  the  caw  wa»  one  of  poralysli  of  the  seventh  pair  of  the  Uft 
tide,  but  a  more  caiefLiI  enaroination  leil  u^  tu  modify  our  dia^noMS. 

Her  liislary  wan  ax  foUows :  Several  yearn  before,  while  occupied  in  a  day  and  night 
attendance  at  the  bedside  of  a  »ck  friend,  the  was  suddenly  attacked  with  tevcre  fodal 
neural^  of  the  right  hide,  that  continued  to  annoy  her  for  two  months.  The  dlseaic 
then  abaieil,  hul:  since  that  time  ^be  had  been  frequently  liaraued  by  petasteat  niunt>- 
oesB  in  the  right  arm  and  liatid. 

On  localiiiiig  a  iiioDg  faradic  current  llirough  the  muscles  of  the /<r/ir  side  of  the 
&£«,  powerful  conlractious  were  excited.  On  the  right  ode  no  such  effect  could  be 
produced. 

Furlhcrmorc  her  right  eye  was  nearly  closed,  owing  to  a  partial  ptosis,  and  while 
■be  could  casTy  frawn  and  comt^tc  the  Left  brow,  the  right  was  entirely  smooth  and 
expetMonlcss.  It  wai  very  evident,  bolh  from  Che  history  of  the  case  and  from  symp- 
Ions  at  the  time,  that  [he  rigfu  gdc  was  parn]>-zcd,  and  tret  the  Left,  a&  a.t.  &tA  %v 
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peared,  uvl  tliat  the  bee  w«s  d.awn  towards  the  right  by  the  conlnictioBS  if  the  mtt 
tU$  foUsroing  tht  paraiytiu 

TrtnuKau  has  dncribcd  this  condition  lo  RccunUd)'  thiU  wc  quote  hUown  lugaacc 
M  It  itppean  in  the  tran«l;Ltii>n  or  ItazAire.* 

After  rdatbig  ihc  syiR]>tomsarA  puient  niCTcrlng  from  poralysu,  he  u}^:  "II 
left  txcbl  parxlyns  vu  tbonghl  of  at  lim  ctght,  the  dcprct^on  of  ihc  lancr  Ikl,  and 
the  leas  marked  cxpanutni  of  the  noKtiil  on  the  right  side,  were  already  mffincnl  to 
cauK  ft  tnodilicatlon  of  the  dla^nui.  But  when  the  patient  attempted  to  move  that 
Mde  of  her  face  there  could  no  longer  be  any  heHlatiim,  and  it  iKtamc  manifest  that 
it  was  the  H^t  side  which  was  alTccted.  When  she  spoke,  and  still  more  when  the 
laughed,  her  face  was  pulled  wiDi  (vrce  lu  the  left,  the  apper  lip  and  the  ala  luui  on 
that  ride  going  obliquely  iipwarfU,  and  tlie  lahi.il  commiuare  heing  drawn  wtih  coa- 
■ideiahle  energy  upwanU  and  onln-ardic  When  she  atlcmpled  to  blo«r,  Iter  left  check 
swelled  and  her  mouth  remained  rlowd  mi  that  slde^  whibt  her  ri^hi  thcck  was  flaceiJ 
and  Iter  mouth  opened  out  a  little  on  lliat  side.  Besides,  abe  could  Dot  shut  her  ricbt 
eye,  howerer  much  she  tried." 

In  this  case  we  used  only  the  fanidic  rorrcnt,  localiiing  the  dectrkity  as  aoarly  ai 
powtttle  along  the  cour*e  of  the  portio  dura  and  its  rami  Real  ion<t  To  accomplbli  lUl 
tlic  small  positive  electrode  was  pressed  fimdy  on  the  point  where  the  ncrvs  emerges 
from  Ihc  temporal  bone,  while  the  nc^tive  was  niovocl  along  its  variotis  tenaioal 
bcaiichcs. 

No  particular  re«ull«  were  obtained  from  tlie  fint  application,  but  during  the  Mcoad 
(Isit  flight  contractions  were  produced  on  the  right  sid^  and  it  wa»  iheii  noticed  thai., 
the  ej-elid  diJ  not  fall  so  low  as  before. 

In  the  course  of  a  few  days  the  patient  again  visited  tis,  wltcn  the  imprcTremait 
qtilte  morlied.  Tliere  wa.<>  considerable  relaxation  of  the  contracted  miucle%  and 
elect ro-niutculnr  coniracliHty  was  reailily  dciiioiisl rated.  At  the  fuailh  visit,  wUck 
occurred  about  two  wm;1.s  fiom  the  commcRccmcnl  of  ireatmcmt,  tlic  pios't  was  hardly 
Doticeable,  and  the  |>uwer  of  corrugaling  the  ucdpilD-rroii talis  on  the  lighl  side  ra 
perfect.  There  still  rcriainol,  however,  some  distortion  of  the  features,  ouinj*  to  ilw 
ibstiiialc  nature  of  the  musculax  cuiiliai. lions,  auil,  althou|;lt  aJie  *ull^eI]llcnllr  recrtveJ 
quite  a  number  of  aj^licalions,  the  contraction  was  not  so  entirely  di&opoied 
all  the  other  symptoms. 

Faiial faralyth  exi'ifing  three  •H'etkt-^Tmmfitiate  effetttof  farn/fhiti'ow. 

Case  LXIV,  — Mr,  C„  aged  35,  a  palicnt  of  Dr.  Joseph  Worstcr.  baJ  been 
BklH  for  three  weeks  with  paralysis  of  the  seventh  pair,  in  the  riuht  «dc. 

The  patient  complained  of  a  pecaliAr  tingling  and  occasional  numbnew  in  the  haadl 
and  (ert  that  we  tegarld  a*  an  indication  of  slight  central  diflurhance.  In  all  oilier 
respects  his  health  wa»  csccllcni  A  local  applicatii  n  of  the  faradic  current  rewllcd 
in  iniiiiediate  benefit,  tod  two  niin-c  veances  were  followc<l  by  approximate  recorery. 

Paralysis /rem  Pressure  and  CtfA/.— Paralysis  somctimca  occiirs  froin 
pressure  on  the  nerves  of  ihc  arm  during  sleep,  and  most  frequently  io 
persons  who  are  intoxicated. 

Paralysis  of  the  ar;i!  may  also  arise  rroni  the  pressure  of  a  hoard  or 
any  oilier  hard  object  under  the  .imi.  It  may  also  be  caused, like  facial 
•  LecLiMti  on  CUmcaX ^t-V>ttnt»  ta«'.  11.,  p.  jaa. 
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piu'alysisy  by  exposure  to  co\d.     Paralysis  niay  arise  also  from  the  pTeB> 
sure  of  the  fcetus  in  jiarturition. 

All  these  fomis  of  peripheral  paralysis  may  be  treated  by  clcctriciry, 
preferably  by  the  galvanic  current,  and  with  curative  results  unless  the 
ncTvc  be  loo  severely  injured. 

Pjralytit  of  mtmtUs  ff  right  thigh  ;  afparenliy  proJueed  hy  exfcnre  ta  telJ — Am- 
mithtst^—imfrir^mtftt  unJrr  gati^mitaiht-^lnerfate  in  «W  »/  Umh. 

Case  LXV. — Miss  F.,  aficd  abrmi  20,  first  observed  a  slight  pain  wnl  torcness  in 
the  riukIcs  ut  tlie  i\^\\  lliigli.  that  readily  yielded  lo  a  few  ftpplicUions  ot  the  fataJic 
currcni.  Five  months  subsetiTicnily.  after  scwral  hours'  ex|N»ure  to  coW  and  wet, 
■be  expcticnced  coiuideiAble  pain  in  [he  lieht  limb,  and  also  a  narked  degiee  of  slifT- 
ness,  that  iltsAppcared  temporarily  after  walking  a  tew  limes  around  the  room. 

In  a  few  days  the  ]kftin  extended  lathe  hip  and  involved  the  vdiulc  limb,  which  ionn 
becftiae  completely  paralyzed,  and  for  two  weeks  she  suffered  exnrssive  pain  both  dby 
and  nigbt.  Three  muntlis  later,  whcti  it  was  decided  thai  the  patient  ahould  b« 
Ir'ated  by  clrctridty,  she  was  able  lo  move  about  the  hou<«  with  the  aiil  of  crutcho^ 
j'though  the  limb  tcinained  almost  perfectly  p^werleai. 

The  onxstfaesia  over  the  quadriceps  muscle  was  very  dedde^I,  the  (efthcsiometcr 
producing  two  imprcwions  only  wben  Its  points  were  KfiATiteJ  fuur  inches  3J>''  ihs 
electro -muiicnlar  contractility  w  entirely  absent  itiaU  tlic  cutcxnal  or  surface  niusclea 
of  the  thigh  and  in  a  portion  of  llic  leg.  The  thigh  had  alrophicil  to  the  extent  of 
en  indi  and  one  half. 

Ten  applications  oTlbe  faradic  current  entirety  diwpaled  the  an»<4hcMa,  so  Ihal  it 
was  necessary  10  scpatate  tbc  [esihcsium,ctcr  but  Lhrce-iiuottcn  of  on  int:h  in  order 
tkai  two  iinpfe»io4i»  mt^lii  be  received. 

The  samecurrenl  partblly  restored  aito  the  clccti^  contractility  of  the  diseased 
iBUsdcs :  but  il  tras  not  uniil  a  gaivanic  mrremt  of  con%]d.rahlc  Intensity  waa  em- 
ployed a  number  of  lirocK,  that  ihey  lopvudcd  hvaltlifully  tu  ili.  influence. 

The  faradic  current  was  a^ln  reiorie:!  to  and  per>Utenily  uh^l  for  several  months, 

Tlic  Unib  gradually  increased  iu  ktreti^th,  so  llial  site  wa*  able  tu  walk  rcadity  n  iih 
the  aid  of  a  cane,  ll  increued  alio  tti  aizei  so  that  around  llic  thijfli  It  measured  but 
nne-quarter  of  an  inch  lew  llion  the  M>und  liinU  Time  alone  can  tell  whether  she 
will  ultimately  regain  complete  control  over  the. discard  roeuil>er. 

Compielt  faralytit  e/  thi  fierart  and  txtensors  of  the  wrist  and  fiitgtri,  etmitd  fy 
frautn — Cured  hy  thru  tvcal  affii(ali«H$  of  thtfaradk  ntrrettt. 

Case  LXVI. — Mrs.  P.,  aycd  jO,  was  sufTcring  from  complete  jiaralvjts  of  tbe  c»- 
totson  and  flexors  of  the  wri>t  and  the  li^^lii  arm.  Eight  weeks  twfore  !v1ie  laad  hcM 
her  little  cliild  in  her  arms  all  of  the  day.  Tlie  cl^ht  arm  wa.<t  of  course  ti>eil  I  he  most. 
In  the  e\-eiiing  she  fell  asleep  in  a  rocklpig-cliaiT-.  with  nearly  the  wliolc  weight  of  the 
ch'do  re»"n;;  on  the  rii*hi  arm.  In  the  course  of  an  hi>ur  ahe  awoke,  lo  find  the  urist 
siilI  fini;crs  paralyzed.  No  improvement  had  been  manifest  iii  the  ;;oudiiion  >f  the 
ftiTls  qp  to  the  time  we  sitw  her. 

The  tissues  below  the  wri''t  were  decidedly  aiuestheiic,  but  dectro-muKuIar  con- 
tractility was  little  impaired.     Tlim  local  ap]>licatioDs  of  the  faradic  cutrcut  alone,  in 
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Ihe  ooane  of  fiva  ikys  dMpated  the  aambnen,  and  so  iinproved  ihc  memben  thai 
tlie  could  wiih  eaM  move  the  6i\gtn  and  wrirt  In  evc(>'  iutin>l  dlrcctioo.  Th<  n- 
covery  becante  complete  in  a  week  or  lo  wilbout  birthcr  Imtmcnt. 

Cahriji{  Paralysis. — Under  this  head  Hcnedikl  records  a  cise  of 
paralysis  caused  by  the  contact  of  glowing  hot  iron  with  the  skin,  at  j 
point  near  the  radial  nerve.  The  nerve  was  not  directly  injured,  but 
paralysis  with  aoxsthesta  eoaaed.  The  paticat  recovered  after  a  num- 
ber of  sittings.     Botli  galvanic  and  faradic  currents  were  employed.* 

Rffi€x  Paralysis. — Under  this  head  arc  included  those  peripheral 
paralyses  which  arise  by  reflex  action  through  the  central  nervous  sys- 
tem, from  some  remote  |)art  of  the  body.  Some  of  the  cases  of  general 
paralysis  of  all  the  extremities  are  of  this  nature. 

Poratpis  that  arises  by  reflex  acLmn  may  remain  long  after  the  mor* 
bid  condition  that  caused  it  has  entirely  disappeared 

Treatment. — Localized  faradisation  or  galvanization  is  required  in 
this  fonn  of  paralysis.  This  treatnit-nt  should  be  directed  not  only  to 
the  paralyzed  muscles  l^»t  also  in  soine  cases  to  the  diseased  part  from 
which  the  para)}'sis  is  rellected.  In  doubtful  cases,  general  faradization 
and  central  galvanization  may  be  tried. 

Prognosis. — This  is  much  more  favorable  than  in  paralysis  that  di 
rectiy  proceeds  from  organic  disease.     Everything  depends  on  the  na- 
ture and  locality  of  the  irritation. 

Typieal  ease  ef  eompItU  reJUx  paralyth  */"  t^  itvenlM  pair  am  tkt  right  tUU  */  tkt 
/ao",  foiltrjiing  srvert  neuralgi*  of  tkt  fifth  fair  tn  the  tame  side. 

Case  LXVII.— The  patient,  a  Udy  agcJ  30.  tome  weeVi  previowly.  laJ  expei  leoced, 
in  the  fifth  pair,  on  lUtack  of  sharp  shooiUi;;  jains  nf  far  more  [tian  nitlinary  severiiy. 
was  folloirecl  in  (he  coune  of  twelve  ^ours  \fj  lyinptocai  of  fsdal  paraly^  which 
gradually  increased  untJJ  the  loss  of  power  was  alino&t  complete. 

The  muvles  responded  to  the  inllTiencc  of  ^iradizacion,  but  there  was  1  manitei 
decreue  of  the  electro -miuculir  contractility.  Three  appUcAttoiu  of  the  (aradic  car- 
reiil  to  Ihe  nflvcted  side  completely  restored  the  contmctile  power  of  ibe  muscle^  and 
three  umil.ir  appUi:fl,tioas  removed  the  pojAlysis. 

Refits  far^ytis  «f  the  left  arm,  apfarentty  from  nturalgia  of  tkort  dMratiam-^ 
Rteovery  under  loealiud  and  gnterat /aradi%ati«n, 

CASE  LXVIII.— Mrs.  W.,  a^  31,  came  to  us  througli  Dr.  Simi.  She  wasaiif- 
fcrinjj  from  i^ncntl  neuralgia,  wliich  was  especially  locahwd  in  Ibe  left  lum.  Aj-p* 
tite.  digeaion.  and  sleep  were  all  poor. 

There  w«i  paralysis  nearly  complete  of  (lie  left  arm.  Wc  licgan  treatment  by  gen- 
Br^l  and  Igaliied  faradiutlon.    In  one  week,  alter  three  littinp,  ihe  poralyu*  diiap 
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peared.     Treatment  by  {jcnen]  bitdicilicin  wu  >ubse(|ucally  cootinuedl,  for  the  par- 
pose  or  rftldng  the  tone  of  the  system. 


XtjUxpar^iis  of  fivt  months  ttamlimg — Afpraximalt  rteootry  ttmJn  /S/ttfM  «ffti 
tatiaiu  ef  tke/aradu  turrmt. 

^AU  LXIX.— Mi's ,  agetl  EiJwtit  30,  aii  inmate  if  ttie  N.  Y.  Siale  Woraim'i 

ttbBpltal,  vnuaffiictetl  with  uterine  dbpUccmcor,  anii  ftnaily  was  prosirACcO  by  a  se- 
vere attack  of  cellultiu. 

During  and  after  recovery  from  this  illness  the  patient  complained  of  anxslhedi 
and  tin|;ling  in  bolli  feet)  toj^lier  with  a  deddeil  lost  of  motor  power.  These  symp- 
toms  were  penbient,  and  fer  five  months  the  patient  was  aUe  to  valk  but  very  short 
dutancci  and  only  with  ^eat  difliculty. 

On  esamlnaltun  with  the  faraittc  current  It  was  found  that  the  el ectro* mm vrular  con- 
tractility was  sonicwliat  iui]NUfcd,  Foradixatioa  ot  the  lower  portion  of  the  hacic,  the 
loms  and  the  Ic^  was  employed,  with  the  obserred  eflect  of  at  once  increasing  the  coi^ 
tractilily  of  the  muKtcs. 

Twelve  applications  10  Improved  her  eonlition  that  she  succeeded  In  walkbig  tnn 
miles  witlwut  tuflaing  cxbagidJnary  fatigue. 
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[f(  regard  to  posterior  spinal  sclerosis  we  hare  these  rcniarks  lu 
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I.  The  grcit  exciting  causes  of  Ihc  disease  arc  exposure  to 
cold,  mrchanical  injury,  and  syphilis.  It  is  a  fact  not  Ihoroiighljr  a|> 
precialcd  by  t)\c  profession  or  by  the  people,  that  it  is  as  possible  tc 
lake  cold  in  the  cord  as  in  the  lungs.  Cold  in  the  cord  manifests  itself 
just  as  cold  mywhcrc  else  manifests  itself, — that  is,  hy  congestion  ;  and 
if  the  colds  are  repeated,  the  congestion  becomes  a  fixed  condition 
that  is  not  easily  resolved,  and  in  lime  may  go  on  to  the  condition 
known  as  posterior  spinal  sclerosis,  or  locomotor  ataxia. 

The  connection  bflween  this  structnral  lesion  of  the  cord  and  expo- 
sure to  wet  and  cold  is  not  always  directly  apparent,  is  but  rarely  sus- 
pected by  the  patient,  and  almost  never  inquired  into  by  the  physician, 
partly  because  of  its  remoteness,  and  partly  because  the  professional 
mind,  at  least,  has  been  diverted  in  the  direction  of  sexual  excess  ai 
the  one  great  cause  of  ataxia. 

The  mechanical  Injuries  that  most  frequently  give  rise  to  sclerosis  of 
the  cord  are  severe  blows  and  falls,  or  the  shock  of  accidents  of  almost 
any  kind.  It  is  not  necessary  that  the  Injury,  whatever  it  may  be, 
should  be  received  on  die  spine  or  head,  In  order  to  cause  symptoms 
of  ataxia.  A  violent  concussion  from  any  injury  chat  is  directly  Icit  on 
the  arms  or  legs  may  have  the  same  effect  as  a  direct  injury  to  the 
back. 

3.  The  cord  is  predisposed  to  take  coltl  by  any  causes  that  tend  to 
exhaust  it.  Among  the  more  prominent  of  these  causes  are  loug 
marching  or  violent  and  wearying  muscular  exertion  of  any  kind,  esjie- 
daily  of  the  sort  that  draws  heavily  on  the  lower  part  of  die  cord,  ex- 
cessive intellectual  exertion,  2nd  sexual  excesses.  The  two  latter  pre 
disposing  causes,  excessive  intellectual  exertion  and  sexual  excesses. 
operate  far  less  frequently  than  the  purely  physical  causes. 

J.   1q  regard  to  the  supi»os«d  inHumce  of  sexual  excesses  on  tbtt 
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£sease,  the  uroftssioo  must  revise  its  opinion.  Tbat  sexual  excesses 
constiiuie  an  iiupoitaot  factor  in  the  causation  of  nervous  (tiseases 
must  be  admitted,  but  it  is  not  structural  so  mucli  as  functional  diseases 
thai  they  excite. 

One  plausible  reason  for  suspecting  that  sexual  excess  is  the  causit 
of  ataxia  is  found  in  the  unnatural  sexual  desire  that  so  often  precedes 
the  ataxic  symptoms.  The  increase  of  desire  Daturally  calls  the  atten- 
tion of  the  patient  to  the  sexual  organs,  and  almost  compels  a  certain 
amount  of  abuse;  and  when  questioned  concerning  his  habits,  it  is  no 
ntai\'el  lliat  he  recalls  and  confesses  his  recent  ex]>crience  in  this  re- 
i\iect.  Now»  this  inaease  of  sexual  desire  is  often,  if  not  always,  the 
i^ec/  of  spinal  congestion,  by  which  the  cord  is  rendered  excessively 
acti%-c  ;  it  is  a  sign,  not  of  health,  but  of  disease.  It  is  not,  however, 
nor  is  the  abuse  which  it  invites,  the  cause  of  ibc  degeneration  of  tlM 
cord  into  which  congestion  leads. 

The  most,  then,  that  can  be  said  of  sexual  abuse  in  its  relation  to 
ataxia,  is  that,  by  weal:ening  the  cord,  it  may  in  certain  tempej-aments 
prepare  the  way  for  colds,  mechanical  injuries,  or  perhaps  for  syp?iilis, 
lo  enter  in  and  take  iiosscBsion. 

4.  It  is  more  frequent,  so  far  as  we  can  learn,  in  the  North  than  in 
the  Sou  til ;  cold,  damp  climates  favor  its  development.  In  the  early 
stages,  long  residence  in  tropical  or  subtropical  regions  is  worth/  of 
trial. 

5.  It  is  very  often  complicated  with  congestion  and  sclerosis  of  the 
anterior  column.  The  neiicalgic  pains,  of  which  so  much  is  said,  do 
not  appear  in  much  more  than  half  tlie  cases.  We  aic  not  yet  able  to 
say  whether  they  arc  a  good  or  a  bad  symptom.  One  tiding  is  sure 
the  worst  and  most  obstinate  cases  we  have  yet  seen  had  no  neuralgic 
pains.  AnotJior  point  equally  true  is,  ail  the  characteristic  neuralgic 
pains  nia}'  exist  in  thusc  who  never  have  ataxia. 

EUttro-Viagnosis. — The  elcctro-muscnlar  contractility,  or  at  least  />- 
ritabiltiy,  may  be  normal  or  irureasuL  This /act  d'utinguishei  Ifftomc- 
tor  ataxia  Jrsm  ordinary  paralysi$  p/  moiicn  dtpending  on  anterior  or 
spinal  siUrosis,  in  which  the  electro-muscular  contractility  is  usually 
diminished.  The  electro-muscular  contractility  mny,  however,  be  di- 
minislied  in  certain  forms  and  stages  of  posterior  spinal  sclerosis,  01 
when  compHcaied,  as  it  may  be,  with  anterior  Sjiinal  sclerosis  or  with 
hysteria  or  general  congestion  of  llic  cord,  or  of  the  membranes. 

Prognosis. — Tlie  prognosis  of  this  disease  under  electiic^l  treatment 
alone,  or  ir>  combination  witli  drugs,  may  be  thus  generally  stated  :  A 
very  small  prupurtion  of  cases  apparently  recover  -,    u.  <isj\\'b\'.\«liia\t 


)8  PROGNOSIS  AND  TREATMENT. 

number  are  very  greatly  benefited  iti  all  the  leading  sympioiii!) ;  about 
the  same  number  are  but  slightly  benefited ;  and  in  a  few  cases  abso- 
lutely nothing  is  accomplished. 

The  proportion  of  absolute  cures  is  so  small  that  there  is  a  naiura] 
temptation  lo  duiibl  tlic  diagnosis  or  i>alhology  of  any  reporte*!  cure. 
The  cases  that  arc  brought  on  by  mechanical  injury,  especially  by  coi»- 
CussioR,  otfei  the  best  prognosis ;  and  this  Is  true,  wc  believe,  of  other 
nervous  disorders.  The  explanation  would  appear  to  be  that  the  dis- 
ease excited  by  concussion  is  of  a  temporary,  and  comparatively  tran- 
sient, character,  and  the  character  of  the  lesion  is  far  less  severe  than 
in  those  cases  tliat  come  on  slowly,  Uirough  long  years  of  incubation. 
In  our  observation  the  most  satisfactory  improvement  has  been  in 
tliose  cases  of  ataxia  that  were  brought  on  by  concussion.  This  is  also 
true  of  paraly^'s  in  general,  excepting,  of  course,  those  cases  where  thr 
spinal  cord  is  direcily  and  seriously  injured. 

Most  of  the  published  statements  in  regard  to  the  prognosis  of  the 
disease  under  electricity,  as  indeed  under  any  other  form  of  treatment, 
must  be  received  with  great  caution.  Many  of  the  physicians  who  re- 
port the  cases  have  perhaps  never  before  seen  a  case  where  they  made 
the  diagnosis  of  ataxia,  and  in  the  instance  that  they  publish  there  is 
much  probability  of  deception  ;  and  this  probability  is  increased  if  the 
patient  perfectly  and  permanently  recovers.  Hysteria  conies  in  lo 
complicate  the  diagnosis,  and  some  of  the  reported  ctircs  have  been, 
without  doubt,  of  an  hysterical  character.  S(>inal  congestion  is  verj 
often  mistaken  for  spinal  sclerosis ;  the  s)'mptoni»  run  into  each  other, 
and  the  former  in  sonic  cases  leads  to  the  latter.  But  spinal  conges- 
tion is  rclicvabte  and  curable,  while  spinal  sclerosis  is  rarely  so.  Some 
of  the  supposed  aires  have  been  very  likely  simply  remissions  in  the 
course  of  the  disease. 

Treatment. — Ataxia  may  be  treated  electrically  by  a  combination  of 
several  different  melhods  of  electrical  application  :  Oab*anization  of 
the  spine,  central  galvanization,  and  general  faradization  when  cere- 
bral disturbance  or  general  ataxia  of  the  nervous  system  ap[icar  ; 
galvanijEation  of  the  cervical  sympathedc,  and  peripheral  faradisation 
with  sponges  and  the  metallic  brush.  All  these  various  applicadons 
may  be  made  with  weak  or  strong  or  medium  currents,  according  to 
the  wants  of  each  case. 

We  have  found  good  residts  from  simply  treating  the  leading  symp- 
tom,— the  anesthesia, — without  any  special  reference  to  the  cord.  We 
do  this  by  means  of  the  tiiL'talltc  bnish,  or  by  a  finely-pointed  metallic 
ciectrode,  making  the  aYi\i\it^tiQn  over  th*;  feet,  legs,  arms,  and  all  paru 
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of  die  body  that  are  anxslhedc    The  end  justUies  the  mt:anfi.    We 
have  found  aiore  guoj,  in  some  cases,  from  this  method  tlian  from  gal- 
vanization of  the  spine  and  all  the  other  methods  combined.     When 
[the  aniesthesia  is  iirafound  and  pennanent,  ciiirents  of  great  strength 
■Aie  somenmes  not  only  not  disagreeable,  but  positively  agreeable. 

In  recommending  Ihts  method  we  do  nut  recommend  exclusive  reliance 
upon  it ;  it  is  to  be  used  in  alternation  vitti  the  other  methods  of 
which  we  have  spoken.  It  should  not  be  forgotten  that  tlie  reflex  ef- 
fijc:  of  powerful  peripheral  farnlization  on  the  cord  may  be  of  greater 
service  tlian  galvanization  of  the  spine. 

l^uttrior  t final  Kltrotii —  CffnauHm  <//  tht  tpine  nmpikattd  ttr//A  atlaiks  cf  afka- 
tia  atui  wtefing —  Very  unusual  impravtment  under gahfotUiation  af  the  t/tint  and 
nitraU  if  litver. 

Cass    LXX. — Dr.  N.,aine(ttca]gertletnut,  over  70  years  of  a£e,  wts  brought  to  h 

November  9,  by  Dr.  C.  ll.Corc^.  About  »umijalhs  before,  tlte doctor  uadenook  to 
get  OR  ft  itruct-car,  but,  the  iron  upport  being  loose,  he  stippod  snd  Tell  on  lui  bip  and 

;,  snil  for  thU  he  was  treated  rarsically.  He  was  laid  uj>  with  the  injur/  to  the  \t^ 
liip  for  tome  weckb  Ccilain  ncrvoii5syin]>tonis  also  bej^on  to  appear  after  a  Eei* 
weeks  ^iit  they  vfcre  not  fcfcrreJ  to  any  injury  of  tlic  cord,  and  tpinal  w;lctt>iis  waa, 
very  naluraLly,  not  suspected.  I)r.  Corey  had  made  the  dla;j;nosis  of  de(;eueralion  of 
the  cord  before  briiiijinj  Iiiin  to  u«,  and  thiidiagnoui  corresponded  with  our  own. 
The  patient  had  a  siin'and  uncertain  gait,  and  could  not  turn  round  quickly  without 
fallinj^  nrir  stand  siill  when  his  eyca  were  closed.  A  strange  com  plication  was  occa* 
aional  attacks  of  utter  mabiiity  La  speak,  aL'compiuiicd  with  sufrusion  of  the  face  and 
thedding  oX  tcaif.  These  came  on  under  any  special  ctcitctnent.  and  lastol  front  one 
to  Ave  minutes. 

The  anxstbesa  and  analgetia  of  the  lower  limbs  were  profonnd,  and  etectro-wn* 

n'lilily  was  but  slight ;  but  there  was  no  loss  of  electro-niiiscular  contractility,  and  no 

'motor  disturbance  whatever.     There  was  also  a  dcfii:icinry  of  the  sense  of  pressure, 

anirulicaied  by  \\k  pittnuler.     At  ni^ht  there  wasg''^'  P*^  ^°  ^''^  back,  with  a  icn- 

talion  of  numbness  that  of^en  compellctl  him  10  rise  and  woik  the  room. 

A&  the  patient  was  entirely  well  at  the  lime  of  the  accident,  and  as  the  ^ntploms 
of  sclerosis  followed  or  at  leait  began  to  ap|>ear  a  few  weeks  alter  the  accident,  and 
as  tliere  was  no  evidence  of  exposure  of  any  kind,  it  was  clearly  a  case  of  traumatic 
ataxia. 

The  ease  was  aibsequentiy  broueht  into  court,  in  order  to  collect  damages  of  the 
railroad  company,  and  was  decided  in  favor  of  th«  paiienL  Bein^  called  upon  to  tes- 
tify, we  gave  it  as  our  opinion  that  the  dueate  from  which  the  old  gentleman  sulTercd 
was  of  >o  grave  n  character  that  he  would  never  recover,  but  would  be  a  great  sulTtrer 
unlil  Ite  dinL 

We  subscquent'y  treated  the  above  patient  by  mild  galvanization  of 
ihe  spine,  and  nitrate  of  silver,  and  in  the  course  of  a  month  he  began 
to  inipiove.and,  what  Is  more  rcmarkabk*,  ihe  iinptoveiiient  continued 
He  did  not  fuJIy  recover,  but  was  able  to  resume  acus-c  Va.\ioT^. 
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EUctro-Diapiosit. — In  cases  of  pro^euive  muscular  atrophy  the 
electro- muscular  contractility  is  cittiet  diminished  or  destroyed.  Elee- 
tro-musciilar  sensibility  is  usually  diminished.  Various  changes  in 
iiiu&cutar  irritabitity  may  take  place  during  the  |iro^ess  of  the  disease. 

Rffiex  coatraitions  occur  in  muscular  atrophy.  DipUgic  eontractiem 
also  appear  in  this  disease.  These  facts,  taken  in  connection  with  the 
history  of  the  case,  the  atrophy,  the  hhriUary  contractions,  swellings, 
and  anchylosis  in  the  bones  and  joints,  the  anxschcsia  and  the  neural- 
gia, make  up  the  diagnosis.  Diplegia  contractions  were  first  observed 
in  muscular  atrophy  by  Rcmak ;  they  have  since  been  observed  in  hys- 
teria and  other  irriiabte  conditions. 

The  disease  does  not  always  exist  alone  ;  it  maybe  complicated  with 
locomotor  ataxia,  with  L>aralysis  of  the  cranial  nerves  and  otlier  disorders 
of  the  brain. 

Prognosis  and  Treatment. — Our  better  and  increasing  knowledge  o( 
the  possibilities  of  electro- therajieuiics  fortunately  enables  us  la  modify 
to  sor.ic  extent  the  prognosis  in  this  disease.  That  the  prognosis  U 
grave  cannot  be  denied,  but  by  {.'crKistently  following  out  the  Ireoiuient 
that  of  late  years  has  proved  so  successful,  wc  confidenlly  aiiscrt  that 
not  only  may  the  disease  be  arrested  far  more  frequently  than  m  the 
|iast,  but  that  in  not  a  few  instances  tlie  nuirition  may  be  so  Cu*  uu> 
proved  as  to  amount  to  approximate  recovery. 

In  no  other  form!)  of  disease  docs  it  seem  to  ns  so  important  that  «•• 
liecial  emphasis  should  be  laid  on  the  electrical  treatment  as  in  those 
of  the  so-called  progressive  cliaractcr.  In  many  of  tlie  pluses  of  pa- 
ralysis, in  the  neuralgias  and  in  most  forms  of  local  and  constitutional 
disturbance  where  the  indications  call  for  electricityi  other  xetuedies 
as  well  have  their  uses,  and  in  many  instances  are  even  of  greatct 
service. 

When  we  advance,  however,  to  the  consideration  of  those  ominously 
progressive  disorders,  ataxia  and  muscular  atrophy,  wc  recognise  the 
/act  that,  H'itli  the  excc\)Uun  o(  \ii\u')^<i  cadi's  whldi  depend  on  a  syphiliiia 
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taint,  our  ordinary  remedies  cxciclse  liiii  Utile  conirol  over  iheir  i>rog- 
res*.  Wc  have  therefore  altno«t  in  (les|>3ir  turned  lo  the  ihcraiwiitic* 
of  electricity  in  these  diseases,  and  although  it  lias  failed  by  far  to 
accomplish  all  that  could  be  desired,  it  has  yet  proved  to  be  mote 
efficacious  than  is  generally  credited.  In  some  cases  it  certain!)'  arrest; 
tiie  disease. 

As  a  rule  we  alternately  make  use  of  central  galvanization  in  its  most 
thorough  fonn  with  faradization  and  galvanlxation  of  thn  affected 
muscles. 

IVrsistent  faradisation  of  imlividual  muscles  has  been  alone  recom- 
mended by  Duchcnnc,*  and  among  others  who  have  reported  recover- 
ies by  this  simple  and  single  method  might  be  mentioned  Dr.  Alex.  P. 
Fiddian. 

Tlie  case  f  that  he  details  was  treated  by  that  form  of  electricity 
generated  by  the  old-fashioned  magnet o-clec trie  machine,  and  although 
the  authenticity  of  the  statements  cannot  be  doubted,  yet  a  knowledge 
of  the  combined  experience  of  those  who  have  accomplished  most  in 
electro  therapeutics  must  confirm  us  in  the  assertion  that  in  order  to 
achieve  the  best  results,  both  currents  must  be  used  and  the  applica- 
tions directed  to  the  nerve  centres  as  well  as  to  the  affected  muscles. 

Pt^grtisht  mutfttfar  atnphy  of  muKUt  »/  th*  right  hand,  thrtt  yt.irt'  jlaHt/ing— 
fdiM  in  iiKk — A'i/minf/f,  anJ  ealdntst,  and  neuralgia  of  the  arm — Diitatt  af 
tht  tkin — Arrat  ef  Ike  dittatt  under  galvamtatiim  of  tht  i/int  anj  ptripkrrat 
faradisatiaa.  « 

Cas£  1.x \ I. —Mr.  X..a^enllctnaiiof  middle  life,  WBsbroutjht  tuusbyS.  J  Iful- 
ley,  November  I4,  ifSo.  The  jvilicnt.  who  hnr!  -  strorp  conMitatifiii,  for  Ihrte 
jmn  ha'l  licen  KufTering  from  ulrophy  of  the  muscles  of  the  ball  of  l1ie  thumb  of  the 
right  liiuid.  The  (ll«ea>e  had  been  grailitnl  in  \\%  oniaei,  nnrf  very  grailunl  In  iti 
htvancc.  and  l>y  variov*  treatment— mcHidncs  and  (aradiutiun  of  the  muKrlct — had 
been  more  or  leis  modified.  The  atrophy  wai  preceded  by  pain  in  the  imck  in  the 
(Ecion  of  the  third  dorsal  TcrtctH^  This  spot  we  (Duod  to  be  ten<1er  on  preuure, 
and  aSw)  tender  order  the  electric  earrent.  A  galv-inic  cnrrcnt  applied  to  the  ten^lcr 
fpot  catifcd  at  once  n  ttntati^n  in  tht  nffittrd  hand.  There  were  in  the  hand  per- 
siUent  coliln<^s  ind  preat  numlmess  wiih  anesthesia,  and  a!«o  impotrmcTit  of  the 
(CHM  of  prcfKuie  ai  detennined  by  examination  with  the  ]>icsn)clcr,  and  tiicte  wai 
ctifecblcmcnl  of  tlic  tenual  pnwer.  The  coHncH  and  numbness  were  firwyV// ;»> 
ytart  bffort  in  the  track,  of  the  ulnar  nerve;  the  pain  in  the  back  appeared  li« 
yeart  before,  and  two  yeai«  after  that  ilic  muscles  of  the  hand  Iwcan  to  atrophy. 
At  one  time  there  had  been  evidences  of  an  acute,  or  rather  sjliacute,  CQngc&tkia  of 
the  conl,  with  the  symptom*  of  nnrnhncwoT  half  the  twdy  on  the  right  side;  mxs- 
thetia  of  the  rectum,  so  that  the  faeces  were  paswit  unconKiously,  and  severe  neu- 

■  De  ]' Elect  rival  ion  I.0cali3^c  p.  702. 
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relgia  or  the  vm — these  t/mptonu  lut«d  one  month.  The  liiit  fond  ool  -nrf 
■irong)  ftpplicaiion  of  th«  cmlvuiic  currenc  earned  inwinnlk  (hat  night :  p«'n  ra  ab- 
domen, uitl  menial  Jqir»uon,  uid  uix^lhuix  of  (he  rectum;  ooe  <laj  ft>Uuwuig 
Ireaimcnt  lie  Celt  a  KiiaalioD  in  bis  lunik,  as  (hough  aome  oite  had  niddenljr  and 
teverely  Aruck  lum  ftom  behind ;  gradually  he  tjccunie  wctuIoiueU  to  (be  apjiJicationv 
which  were  made  mililer  end  shorter,  and  begin  to  get  belter.  There  were  l««  [»• 
»oniiiia  and  1>cttcT  apjielite,  less  paiii  and  more  wannlh  In  (he  liand  and  arm.  During 
the  treatment,  which  larted  several  weeks — about  twenty  appllcai ions — a  ^ungiMMi 
tru/tftrn  ttpptared  on  the  ha<k  and  jAauUerj,  witA  great  iltMing,  vitk  v/UeJk  tamt 
great  relief  of  the  pain  in  lAe  ifiine.  The  Itching  of  the  prurigo  wa»  itself  relieved 
by  (he  ^vaiiic  current.  The  ditease  was,  to  all  Beetning,  arretted,  although  (he 
Atrophied  muidet  <1id  not  return  to  their  normal  condition.  Eighteen  monc}ia  alter 
the  doKof  the  trcalmcnt  wc  met  (be  patient,  lie  wu  tncuceUcat  health;  although 
the  hand  was  uill  «in>ildernbly  ahmnken,  ibc  *exaal  )>nwer  had  reltimed,  and  he  had 
bu(  recently  married,  having  picvioiuly  lived  a  bachelor,  and  he  wai  ia  mo«t  cxccUoil 
ipirtlh 

The  features  of  niost  interest  in  the  above  case  &re : 

t.  It  seemed  to  show  tlie  central  origin  of  progrMsive  musculat 
atroph/.  Long  before  the  mt(scles  of  the  hand  bcgnn  to  atrophy  there 
was  evidence  of  spinal  congestion  at  or  near  that  part  of  the  cord 
whence  issue  the  nerves  to  supply  the  amt.  For  several  years  these 
symptonis  had  been  existing  before  the  atrophy  was  observed. 

a.  The  fact  that,  when  taken  early,  progressive  muscular  atrophy, 
grave  a«  the  disease  is,  may  be  arrested  by  galvanization  of  the  ner\-e- 
centres. 

3.  Tht>api)arent  relation  of  the  pmriginons  eruption  and  the  niorbkl 
state  of  the  cord.  IVhen  the  eniption  appeared  with  severe  itching, 
the  patient  at  once  improved,  and  then  the  eni]>tion  was  itself  relieved 
by  the  galvanic  treatment  (see  chapter  on  Diseases  of  the  Skin). 

PrcgretsitK  muxular  atrophy  0/  uveral  ytarf  standing— Approximatt  rtenfy 
under  pertiUtnt  Irealmeni  fy  gentrai  ami  iofat  /araditalion  and  ipinal  ga/* 
vanitatisn. 

Case  LXXII. — Mr.  D.,  agnl  44,  came  to  us  »Uh  &ym|){<Mni  (ypical  of  progresdvr 
muicular  atru|>hy.  'nie<e  ^ymi'ionu  hcid  been  dcvelojiiiig  fur  over  two  yeflT*.  The 
ll»cnar  and  hyix>theii3r  eminences  of  (he  right  hand,  together  with  (he  man  of  bvler. 
o«ei  muKlcs  were  so  wuted  as  to  render  the  hand  nearly  useleu.  The  otitei  tmrKlet 
of  the  left  hand  were  alao  uawwbat  wnted,  so  thai  the  Ittile  finger  of  (hai  tiile  wu 
Eut  becoming  powerlem.  On  localudni;  the  fartbdie  current  in  (be  affected  moKle^  uf 
tlie  right  band  it  was  found  (hat  there  was  eone  d^ce  of  electro<miucttlar  cunlr^ 
tiliCy  In  oU  of  them. 

Up  (o  a  few  days  before,  the  patient  had  been  unaware  of  the  satitre  of  his  com- 
plaint, and  on  learning  iti  true  character,  he  expressed  hb  readine*  to  tindei^  pro- 
longcl  treatment.  In  addition  to  (Ik  ^mptoins  above  stated,  he  complained  a( 
■feaknets  and  sttfTness  of  the  Itmbs^  together  with  some  want  of  co-ordinal  iitg  powQb 
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,Oiiee  Bwnk  the  patint  wu  subcnltlnl  lo  generml  rarftdbatlon,  wad  lime  limes  ■  wed 
to  {ilvanuation  of  ihe  trine,  and  farailitation  of  the  alTecteJ  musdes.  bpafiuMic 
eoniiactinn  occuianally  occurreil  {n  the  fleiof  muKles  of  cither  arm  ami  hand,  and 
these  contraciions  were  always  aggravated  if  ihe  fanuJic  ciirrcni  wa*  appHcl  to  thc« 
musctes,  while  a  iiiJlil  continuoiu  galvanic  currcal  alTurileil  great  rdicF.  The  above 
ircatmcTit  was  conilnaed  unlnlerruptedly  for  fooir  months,  when  it  couM  rea^Dy  be 
■een  tltat  there  was  an  appreciable  tncreiue  in  the  -ase  of  the  nCruphicd  mu'^rles,  e^pe- 
eiilly  those  between  ihe  thumb  and  index  linger,  lie  wa«  agun  al>le  to  write  with 
conflderaltle  reaili lie's,  fiumelliing  which  he  had  not  attempted  for  wveral  months 
lib  limbs  had  gaJnetJ  markedly  In  ttrcnglh,  and  he  leemed  approximately  well. 

frtfrftrivf  musatlar  <arof>hy  -wiik parafyjit  e/  fht  txteiutr  mttttltt  «/  Ikt  kamt— 
DuUeJ  rdie/  under  leeal  faradivatien  and  gatvanUatisn  f/  tht  tymfaffutk-— 
DifUgie  tarHrtuli^Ht. 

Casb  LXXIll, — A  gentleman,  aged  40,  was  sent  to  us  by  Dr.  J.  J.  Crane.  There 
wai  decided  paralysis  of  the  »tea»ur  muiicleftor  the  right  band,  with  such  marke<l 
aliupliy  of  tlie  muM:le«nl  the  bvcoftlK  ihuoib  as  to  cause  both  the  tbenai  andliypo- 
Ihcoar  eminences  to  stand  out  in  b<jlil  and  angular  Tellcf.  Sj»iMno<lic  coiitrncliuris  of 
the  flexor  muscles  occastonalJy  occurred,  and  lie  wa.<i  annoyed  by  sliarp  neural^c  patni 
la  the  affected  port.  These  symptoms  were  firjt  noticed  somewhat  more  than  a  year 
previonidy,  and  the  ap}}.irent  cause  waa  a  violent  jerk  lliat  be  hwl  received  alrant  that 
lime.  The  patient  was  treated  by  galvaniution  of  the  C)-mpaL]ietk,  and  faradiiation 
of  the  affected  mullet,  and  ilie  tcmjIi,  after  Knse  twenty  stances  wna  approximate 
relief  of  all  pain  and  tendency  to  ipaMno<)ic  contractions ;  the  gracp  became  5tron;;er, 
and  the  patient  was  again  enabled  lo  \Trile  with  some  degree  of  reodlnc^k  Tlic  treat- 
ment was  not  continued  sull&cieully  £ong  to  enable  ub  to  test  in  this  case  the  power  of 
faradization  to  increase  the  muscular  tissue. 

We  were  enabled  to  excite  in  this  patient  the  ao-called  diplegic  contractioos  of 
Re  male. 

'^tiuseular  atrvfhy  of  tkret  ytar^  itattJing—lHfretu*  in  the  of  tkt  tUrofkUd  mustUt, 
and  a/'^rAximiite  rtlitf  of  attaeititj  tympt^mi — 7'<W  falieal  ttiU  uttda-  Irtat' 

Ca&e  LXXI  v.— In  the  case  of  a  gentleman  of  50,  who  at  the  date  of  wilting  is 
fttill  at  our  hands  recHving  treatment,  that  has  already  extended  over  several  months, 
ibc  benefit  deitved  ba^t  been  of  the  most  decided  character.  The  fust  symptoms  of  the 
ih%fn'<e  were  olR«r>*eil  three  years  prior.  When  wc  first  saw  him,  there  was  very 
tparlrj^  atrophy  of  the  muscles  of  the  right  luind  and  to  a  leu  extent  of  those  of  the 
•eft  I  this  atrophy,  moreover,  was  making  ati|iiei.'iable  progress  from  month  to  month. 
There  was  poralysU  of  the  index  linger  of  one  hand  and  the  little  finger  of  the  other ; 
toOden  BpaimtHlic  (ontraclions  of  botti  hands  were  freijiient  and  annoying,  and  there 
wai  wu  utter  inability  to  write  Up  to  this  time  the  treatment  by  central  galvaniia- 
Ban  combined  wilb  foradiutlon  of  (healrophieit  muscles,  gnlvaniialion  of  the  f!cxo~s^ 
with  occoMonal  trances  of  general  fandiialion,  liave  va»tty  improved  the  pitient  la 
every  it>-mptom.  The  iicitritiun  has  been  so  far  improved  as  to  show  an  appreciable 
Encrease  in  the  w»e  of  the  affected  muKle*.  There  has  been  an  approximate  recovery 
of  tbc  paralyied  fingers ;  spasmodic  contract  1  arts  no  longer  annoy  him,  and  he  enjov* 
cooiideraUc  facility  with  the  pen. 
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Progressive  Myo-ScUretie  Paralysis  {^Progressive  Musenlitr  ffyfer 
trophy).  PseudO'Hy per  trophic  Paralysis. — Thii  disease  of  diildliood 
was  firsl  described  by  I>r.  Kdward  Meryon,  in  a  paper  read  before  the 
Koj'al  Medical  and  Chinirgical  Society,  December,  185  t.  A  case  was 
Bubseqitently  reported  by  Dr.  T.  King  Clumbers,  in  the  >f  eiJico  Chinir- 
gical Transactions,  1854.  Tlic  disease  has  been  observed  in  two,  three, 
and  four  children  of  one  family.  The  disease  has  been  systenuiically 
studied  by  Uuchenne,  who  was  the  firsl  to  set  it  before  the  profes^on 
&5  a  distinct  discise.  The  symptoms  of  this  affection  in  the  ftrst  stage 
are  weakness  in  the  lower  lindis  and  tlcxion  of  the  toes ;  in  the  second 
stage,  increase  in  site  of  the  muscles  of  the  /^■^j'^-cspccially  of  the  calvcs» 
of  the  back,  and  of  the  gluteal  inusclea ;  in  the  lliird  stage,  extension  of 
the  disease,  muscular  atrophy,  exhaustion,  and  dealli. 

Electro  Diasnosis. — Farado-miiscular  contractility  usually  diminished; 
galvano-niimcular  contractility  may  be  either  normal  or  exagi;crated ; 
electro-mitsculax  tiensibility  is  sometimes  diminished,  sometimes  normal. 

Prognosis. — The  patient  is  pretty  sure  to  die  in  the  course  of  a  few 
years.  In  the  second  stage  thi:  sytnptoins  may  remain  stationary  for  ft 
long  time.  Bencdikt  was  able  to  improve  a  case  of  two  years'  standing 
tiy  galvanization. 

Treatment. — Faradization  and  galvanization  of  the  affected  mus- 
ck-s,  central  galvanization,  and  galvanization  uf  the  sym|Uthetic,  should 
all  be  tried  in  succession  or  altcmntton. 
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CHAPTER   XXIV. 


RHEUMATISM   AKD  DOUT. 


RmuMATiSM  is  1  disease  for  which  elccin'city,  by  various  methods  itf 
applicaljon,  has  been  enn)loyed,  wilh  more  or  less  success,  from  the  ear!> 
l>eriods  of  the  history  of  electro-therapeutics.  Next  lo  itaralnis,  it  is 
perhaps  the  disease  in  ivhich  the  original  exi>cnnienls  »f  electro-thera- 
peutists were  most  freqncnlly  condiicle*! ;  and  for  llie  reason  that  (like 
paralysis)  it  is  so  frequemly  obstinate  to  ordinary  remedies. 

7)r(atmmt. — Bein^  a  (onstitutlonal  disease,  it  demands  ecastilutional 
trtatmtnt.  The  best  rcsiilts  arc  obtained  by  general  farad Ixation,  com- 
bined with  faradization  or  galvanization  of  the  affected  joints.  To  con- 
fine the  treatment  to  the  affected  joint  is  un philosophical,  and  usually 
more  or  less  un satisfactory,  for  the  obnons  reason  that  It  attacks  merely 
a  local  symptom,  which  at  any  time  may  be  transferred  to  other  and 
remote  jKirts  of  the  body.  The  true  method  is  to  lay  the  axe  at  the  root 
of  the  tree  by  making  the  appHcations  general,  so  as  to  bring  the  whole 
$\'stcm  under  the  influence  of  tlie  current.  This  tieatitient  soiDetimes 
causes  increase  of  the  liow  of  urine,  and  almost  always  more  or  less  ex- 
hilaration, and  relief  of  the  pain.  Special  attention  should  be  given  lo 
the  parts  which  arc  chii-fly  affected,  and  th«  swollen  joints  should  be 
treated  by  mild  and  steady  faradization  or  galvanisation.  Where  in  the 
acute  or  subacute  forms  the  immediate  effects  are  agreeable,  it  is  ]>rub- 
able  that  continued  treatment  will  be  of  service.  I*'or  the  local  treat- 
ment the  gaWanic  and  faradic  current  may  be  used  alternately. 

The  effect  of  the  current  on  tlie  inflamed  joints  is  to  relieve  the  |}ain, 
reduce  the  inflammation,  and,  where  efTiisitm  has  taken  place,  to  cause 
absorption.  Absorption  may  be  caused  by  both  ctirrenis,  in  some  cases 
more  powerfully  by  the  galvanic.  If  the  currents  arc  used  too  strong 
or  too  long,  the  pain  and  inflammation  may  be  increased,  for  appli- 
cations to  very  sensitive  and  painful  joints,  the  positive  pole  is  prefer- 
able (sec  p.  z8i).  For  rheurnatic  callosities  and  anchylosis,  viry prth 
IcfH^fd  \oc3.]  a[iplications  of  the  galvanic  current  may  be  tried. 

Prpf;fu>sis. — In  presenting  the  prognosis  of  rhcumilUm  ifjt*.\  t.\x«* 
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must  be  liid  on  the  distinction  between  the  chronic,  subacute,  and  mut 
cuiar  x'arieiies. 

During  our  earlier  investigations  in  electro- therapeutics  wc  treated 
perhaps  as  many  cases  of  rheuiuatisin  as  of  any  one  class  of  disease 
The  apparent  results  of  treatment  by  electrization  in  many  cases  of  mus- 
cular, and  in  a  number  of  cases  of  the  acute,  subacute,  and  chronic  vari- 
eties of  articular  rheumatism,  excited  our  enthusiasm,  and  led  us  to  hope 
thai  a  remedy  had  been  foun<l  tliat  would  prove  very  generally  and  iww- 
erfully  remedial  in  all  fonns  of  this  disease.  Further  experience  and 
investigation  compel  us  to  declare  that  we  are  not  to  expect  such  rapid 
and  decided  benefit  from  electrization  in  (he  worst  cases  oiciironU  arti- 
cular rheumatism  as  we  at  first  supposed. 

The  most  uniform  results  are  obtained  in  the  muscular  fonn;  the  nexl 
best  are  the  subacute  and  acute,  and  the  least  satisfactory  of  all  in  the 
du^nic  stages. 

A  good  opportunity  to  note  the  immediate  effect  of  electrization  is 
afforded  tn  those  cases  where  the  disease  is  of  such  seventy  as  to  render 
any  of  the  muscles  of  llie  boJy  almost  if  not  quite  powerless. 

RhttimatU  faralyiU—DttiJtJ  rtOef  under  gtntrat /»raJitattaii> 

Cash  LXXV, — The  Bufferer  was  «  lillle  boy,  who  for  several  months  had  bees  «f* 

(IIcLkI  with  both  acuitand  chri>nic  tnuKular  rheumalL&ru.  Tlic  »tcnkodcido-iniuioiil- 
eus,  nnd  the  [ilatyims-myoMcs  muscle  were  very  ripd,  «nd  fre(|ucni!y  cooincteil 
violently,  cauHiig  acute  piin.  The  palicnl  was  unable  ta  bring  h»;&ws  ocsrei  tu 
each  other  tnnn  onc-hnlf  an  inch,  while  it  wan  impossihtc  for  him  ta  tnni  the  Iwftd  m 
either  side.  wiUioiil  at  the  sjtme  tijiic  tuinini;  the  whole  body. 

The  entire  heid  wa&  CKccediit^l/  sensitire  to  &]ij>ht  pressure  with  ihe  lingers  The 
fini  applitntioD  wu  nude  nilh  an  exceetUngly  mild  and  Rite  faradtc  current,  and  wai 
of  leo  minutci'  ditratioti.  With  the  band  and  fingers  as  electrode^  we  carefully  ma- 
nipulated the  hold,  ncc:k,  and  individual  muadcs  until  the  ]Vktient  could  close  hk  mouth 
aiid  lum  hiii  head  to  cither  side  witli  some  ficedom,  and  without  snlTcrinj;  ixun  or  tocno- 
venience. 

In  about  a  week  Ihe  patient  again  presented  himseir.  lie  could  still  dose  Mi  )aw« 
firmly,  but  was  unnhlc  to  turn  his  head  as  readily  as  before.  A  second  applicatioa 
relieved  Iilm  u  cuuipletely  as  the  first.  To  our  regret  we  taw  no  inore  of  this  caa 
after  the  K^ond  vtui,  but  lenmed  nibse^uenllji,  however,  that  be  retained  the  inipTO\«- 
ment,  and,  under  intccnal  medication,  recovered. 

fntertattal  rkeumatittH  of  Umg  itandtmf—Imfirottmtnt  under  grtfnf farailitatUm. 

Case  LXXVI. — A  gemleiiun,  sent  to  us  by  Prof,  .\ustin  Flint,  was  approu> 
mately  cured  of  chronic  rheumatbm  that  diiedy  aifwied  the  inienxntal  raoseles. 

For  Qcarlv  three  yean  he  had  sulTered,  from  time  to  lime,  attacks  of  atoft  or  \v* 
sewrity,  althoueh  at  no  time  since  the  disease  lirsl  mauifesled  itadf  had  he  b«cD  ra- 
tiretf  free  from  tt. 

I:  was  a  sinj^ulat  fealure  oC  lits  dbordei  thai  \i  wa^agi^rBvatcd  bytbe  warm  weal liei 
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of  Iprinfr  utA  ntnuner.  He  was  treited  by  genenl  clectrixttlon  with  the  fuaille  cur 
reni  every  other  day  for  ux  weeks,  lie  gradually  improved,  and,  wben  treatment 
wu  dlKonlimied.  he  reniained  cotntMralivelv  free  from  uiy  irinpconu  of  his  Ute  dis* 
order. 

SitimUt  artiai/ar  rAemmaiitm—Jlfweu/ar  Mrentti  aid  tnlargtmtni  af  jottdt  rt. 
Utvtd  by  tkrtt  getural  faraJitatioH*. 

Cask  LXXVII  — By  the  coarteiy  of  Prof.  Ausim  Flint  we  Itemed,  in  October, 
1867,  a.  cAX  of  tubacute  articular  rheumati&in  in  oneof  tlic  vnmlk  uf  Ucllcvuc  Haspi- 
iaI.  Fnr  three  months  the  patient  had  xofTcred  from  muKular  forencu  of  ihc  biu:k 
■nd  Blioiildcrs,  and  a  considerable  enlargement  of  the  right  wmt  and  ankle  and  the 
)otnts  of  the  first  Iocs  o[  the  feet.  Three  general  application*,  with  specUl  reference 
to  the  di^ca^J  |)art&,  (ii&&i]Mle-.l  the  musculai  »oreacss,  and  so  decidedly  relieved  the 
laincncw  and  reduced  the  ailar^cinciitit  of  the  joints  that  the  patient  wAf  diKh&rgcd 
fixtm  hospital  in  thiee  wcek& 

Both  actite  and  siibacote  rheumatism  occasionaUy  occur  complicaled 
with  neuralgia  and  nervous  exhaustion,  and  are  usually  very  persi&tent. 

SuiMMU  rhtumatiim — RigHt  tUtlMd  museU  ami  tettral  jaittts  andfingtrt  aud  It/t 
knit  affufltd — DtAiUty — Bttoatry  umdtr  gtntrai JaiaditaUstt. 

Case  I,X  XVI I T.— A  eemleman.  aged  about  40.  observed  and  treated  by  ioritalioo 
of  I>r.  Howard  I'inkncy,  of  New  Vork.wassuHcring  acutely  from  rheumatic  paralysis 
of  the  ri^hc  deltoid  mu^lc.  C)'m[}tonisof  tnilamoiatioaof  the  sheath  of  the  right  idnar 
nerve,  swcnin;^  of  several  of  the  joints  of  the  hngers  of  the  left  hand,  and  a  very 
painful  enlargement  of  the  left  knee,  and  great  debility.  It  is  proper  to  sute  that 
the  patient,  as  ivcll  as  bis  physicijin,  ascribed  his  great  ner^'ous  prostration  partly  to 
recent  a'^d  excessive  dissipation.  The  firnt  application  of  the  faradic  current  not 
only  greatly  reduced  the  teriiperaturi;  of  the  afTccted  limbs,  but  re«tore<l  in  somede- 
gree  the  lost  ]M>w«rof  laotioQto  tbcriKlitarm.  Under  thcinSuenceol  thecurrent, 
the  leg  increased  in  sire  and  remained  in  this  condition  for  abotii  a  week,  when  the 
swelling  rapidly  subsided.  The  heat  in  the  inllanied  j'oinU  did  not  again  rise  to  the 
same  tempcnilurc,  and  the  paralysis  of  the  arm  progressed  gradyally  to«-ard  re- 
covery from  the  (ir&t  anplication. 

Aiuestheaa  of  the  deltoid  was  a  marked  aymplom )  but,  as  la  nnudly  the  cat^  it  was 
•cadily  dioipatcd. 

Treaimeut  by  electrization,  togetbcr  with  potass,  btomld.,  was  contlnned  from  Oct 
aist  Ka  Nov.  9tli,  when  the  patient  was  diidiarged  as  approximately  cured. 

SithnuU  artUuiar  rAtumtatitm  af  mint  tmanlhf  Handing — Afproximatt  reetvtrjf 
tinder  generai  /aradi*aii6n  and  gaivaniMaticn  0/  tkt  sfint,  ^mfaikttk,  and 
t^iarflfxnt. 

Case  I.XXIX. — Mr.  S.,  aged  40,  Irnil  famine  months  sufTcretl  conslaiilly  from  suli- 
acute  ailicular  ilieumatitm.  The  paroxysms  varied  in  severity,  and  the  scat  of  pain 
and  swelling  was  conUantly  changing  from  the  luigcr-joint*  la  the  wrUl  and  elbows, 
to  the  shooldeis,  Uips,  kue^,  and  anklca.  The  most  constant  location  of  the  disease 
was  in  the  ankles  and  wrlnts,  and  in  consequence  incajiadtalcd  him  from  pursuiivi^bia 
avocacion  of  a  book-keeper.     1  le  was  treated  (irsl  \jy  geottaV  tairo,i'iitft).Vjti  ViaiOa  VIVV 
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was  dlreclol  «1unc  Ov  spine  tmm  the  nxih  cervical  vertelira  to  ibe  w\m  (Jkuv 
method  of  treatment,  which  was  coniini>«l  fur  two  HMinths  cra<liially  leuened 
Irndcnc7  to  Ewelling  and  irritaliitn  a(  l)ic  jouiit,  anil  enalilLiI  the  |iatieni  lo  reftiune 
tuaincsi. 

W)ien  the  treatment  vk  dtsconlinMci),  he  hxl  not  entirely  recovered,  but  duriti 
the  nuninct  be  improvcil  ilill  fuitticr  anU  thrDUt;h  the  fi^llowin]*  winter  and  fpriik; 
«-as  ui  little  innoycJ  by  his  old  enemy  as  at  no  time  to  be  ooin|-elled  to  tnlermil 
Jutici  of  Miicin^,  even  for  a  day. 

Myalgia  {Muscular  Jihetimafism). — TIiis  nanie  is  commonly  a)>p1ici 
to  neuralgic  or  rhetmi-Jtic  |iain  of  the  muscles  en  mavement,  ciused  us' 
ally  by  exposure  to  cold  or  dampness.    It  may  be  distinguished  fioi 
oriiinar)'  ncumli'ia— yfrj/,  by  ilie  fact  that  the  pain  occuia  chtcUy  on 
movemeot  and  noi  on  rest ;  and,  secondly,  by  the  fact  lliat  the  sore- 
ncss  is  difTused  through  or  over  the  muscles,  and  not  seated  or  fixed 
in  certain  nerve  tracts.     It  receives  different  names  according  to  its  lo- 
cality.      In  the  back  it  is  called  lumbago ;   in  the  thoracic  muscles, 
fleurodynia  ;  in  the  neck  it  simulates  torticollis  or  wry-neck  so  closetf 
as  oftentimes  lo  be  confounded  witli  that  afTeclion  (see  Torlicollis). 

Treatment. — Local  faradization  with  a  njjld  current,  either  stable  of 
labile,  uiiiially  relieves  such  cases  in  a  short  time.  Stable  galvanization 
also  with  a  mild  current  may  be  at  once  effective.  Severe  ap|>licatioDt 
may  increase  the  pain  io  this  affection.  The  fact  that  the  patient  is 
not  at  once  rL-licvcd,  ur  is  worse  after  the  first  ap|>lication,  should  not 
discourage  us,  since  the  fin.*;!  result  may  be  satisfictory.  Of  the  large 
number  of  cases  that  we  have  treated,  nearly  all  have  been  reUcved  by 
one,  tivo,  or  more  applications.  A  single  application,  with  a  mild  cur- 
rent, prolonijcd  for  one  or  more  hours,  may  sometimes  entirely  dissipate 
an  attack  of  myatgia. 

It  is  in  myalgia  that  the  belts,  chains,  bands,  disks,  etc.,  worn  on  the 
body,  have  obtained  the  best  results.  A  convenient  arrangement  foi 
making  prolonged  or  continuous  local  applications  of  very  mild  galvanic 
currents  is  the  electric  disk  of  Dr.  Gairatt. 
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These  are  made  of  alloy ^magr  csinm  and  zinc — for  the  negative,  aniS 
silver  fur  the  positive  \»olc.    The  surface  of  the  body  fomis  a  tnoist  coa 
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rection  between  the  piirs,  which  are  insulated  by  thin  rubber.  Thr^ 
disk  is  matlu  in  two  general  varieties — tlie  circtilar  and  the  oblong,— 
the  latter  being  used  for  the  limbs  or  back  i  the  former,  which  is  very 
fiexible,  can  be  ai>|ilicd  to  almost  any  portion  of  the  body.*  The  vcr^ 
slight  galvanic  action  of  these  dijJts,  which  is  excited  by  the  moisture  of 
the  body,  may  be  tncieascd  by  wetting  the  sitin  beneath  them  with  salt 
water.  They  should  only  be  worn  a  part  of  the  time,  either  in  the  day 
or  night.    They  may  be  used  for  weeks  and  mouths. 

That  liicse  and  other  similar  contrivances,  when  scientifically  con- 
structed, may  relieve  slight  Uai/  anJ  superjidal  pains,  there  is  no  ques- 
tion. In  the  treatment  of  deei>-Iying  affections  of  the  brain,  spinal  cord, 
and  vtsccni,  or  severe  neuralgia,  very  many  important  results  have  not 
yet  been  reiwrtcd  for  them.  The  results  that  ap[>car  under  their  use 
may,  perhaps,  be  sometimes  explained  in  part  by  thetr  effect  on  the 
iuiaginaiion  of  the  patient,  and  by  the  counter-irritation  which  they  uq- 
questionably  excite  u'hen  long  worn.  To  differentiate  these  effects  ts 
quite  difficult. 

CsMfUti  rtlU/  a/ mutnttar  rAeumaiism  of  teverat ytar^  ttandimg  ky  a  dattn  affH- 
ta/iirnt  of  ^tneral  faraJnation, 

Case  I.XXX.— Mr.  F.,  aged  30,  was  direcied  to  ii»  by  Dr.  Thompwo.  Tlie 
paticnl  u'^s  of  a  ilclLaic  uoumUuuud,  and  From  cltUObuod  had  been  extremely  vtit- 
ceptlble  to  all  cxicrnal  iuflucncc;^  A  feup  yc:trs  previous  lo  hk  visit  to  us,  he  began  to 
Im  Mvcielyadected  liy  tutucular  rltcuinalic  paliu  baviii|;  tbeif  »cai  more  c:i)iecial]y  la 
both  shuuliitfs  and  ihe  chest. 

(le  became  aiixniu:  aiiil  uiiTerol  inucli  from  cardiac  julpitatjotLa.  He  was  at  once 
lubniltcd  to,  and  treated  only  liy  coieral  fjradiution  in  its  most  Iboruu^b  fi>m. 
The  eflect*  were  immediate  and  decided.  He  !.uflere]  lets  rrotn  Ibe  riisl  i^aiicc,  and 
in  three  weclcit  after  the  adminisiraiion  of  11  doun  applications,  the  relief  the  [taitcnt 
csperieiiccil  was  complete. 

JUuKular  rheumaliim  of  the  hipt  and  limht  exhting  a  matilJk — JiafiJ  rasvtry  uniitr 
/aradiuitian  sf  Ikt  offtfUJ  farls. 
Casi  LXX-XL— Mr.  S.,  an  old  goitkniin  of  65,  wu  referred  to  u>  by  Dr.  J. 
O'  KarrlngtoD. 

The  patient  was  suiTcriiig  acutely  rrom  p.iin  and  lameness  across  [be  lower  p»rCioa 
of  ihe  liaclc  and  hips,  while  both  tliij*lis  wrci e  to  exquisitely  sensitive  as  to  rciidcr  hio 
uttctlj'  unable  tovialk,  Ttiese  symptoms  had  reiulicd  frnm  exposure  10  cold  a  mouth 
previoiuly,  anc  had  re&uled  various  lacthods  of  treat  iitcnt.  Faiadizalion  of  Uie  affected 
\m*i*  one  evening  ju«t  licforc  retiring  did  not  inimeiliaicly  altay  the  pain  and  lender. 
neac ;  but  the  (allowing  marning  founJ  hiin  attic  lo  lake  a  few  step^  with  comparative 
ranfott,  and  by  ercninfj  lie  had  vciy  perceptibly  improved.  The  uuiie  ajij^lication, 
repealed  on  Micccuive  evenings,  enalded  the  patient  in  the  course  uf  a  week  lo  walk 
wtah  conslrleiabie  ea*e,  and  in  a  fortnight  all  laiucitc:i>  had  dbappcared. 

*  For  senMlive  pniicnts,  and  e*pcci.tlly  for  \iMe\  the  olilong  '*  liullnn-ditk  "  JS  nstt 
ally  to  be  frefcrrcd,  on  accuunt  ofiugtulcr  li^Iilncvaad  Cicu\ikU\i. 
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Go^. — In  the  chronic  form  of  gout  Ciradif  ation  is  sometimes  of  essef» 
tial  service.  Genera]  faradization  and  centra!  galvanization  may  be  tried 
with  the  hope  of  raising  the  tone  o(  the  system,  and  so  as  to  enable  it  to 
better  cope  with  the  disease.*.  Tcin[>orary  relief  of  the  pain  may  be  derived 
from  either  local  galvanixation  or  faradization ;  but  anjthing  like  a  per- 
radjient  removal  of  the  disease  is  not  to  be  expected  from  any  form  of 
electrical  treatment. 

With  some  gouty  patients  the  electrical  treatment  acts  so  decidedly 
that  we  are  disposed  to  resort  to  it  during  the  subsidence  of  each  attack, 
to  relieve  the  pains  and  hasten  recovery.  Galvanization  of  the  aiTccted 
joints  does  not  seem  to  produce  the  absorbing  or  catalytic  effect  that 
could  be  desired,  although  when  judiciously  used  it  accomplishes  some- 
thing. Whether  any  beneht  can  be  derived  (rom  any  form  of  etectiiza- 
tion  during  the  acute  stages,  we  are  unable  to  say. 


Gout  ef  thirty  ytar/  tianding  in  a  gent/tman  sixty  ytart  of  agt — Patitiv*  rtStf 
/ram  gnurol  /aradUativt  /«  the  subsidiHg  tlagt  ofmn  mttack. 

Case  LXXXU. — Mr,  W ,  u  retired  gentlenun  of  some  60  jtan,  who  bad 

lived  in  considerable  case  lor  a  numlKr  of  yeara,  consulted  us  March  30(h.  Foi 
thirty  years  he  had  suflered  ijom  attacks  o(  ^\xX.  especially  during'  the  fall  and  wtnttf 
seasons.  When  be  first  consnlted  us,  he  wns  in  the  subsiding  sta^  of  a  severe  attack. 
We  gave  liini  four  applications  of  )j;cneral  faradfzution  that  relieved  his  pains  ai>d 
seemed  to  hatien  hia  rciuru  to  h'\»  usual  coaditiou  o(  health  during  ihc  imnrals. 
Subsequently  tbc  patient  re!Uirt«l  to  clertrical  Ircaimeni.  with  (iccided  beoeht. 
Whether  the  trcaimcnl  had  tbc  cflect  to  dioiiaiah  tbc  violc&cc  or  frcqueucy  of  the 
attacks,  vrc  Iiavc  not  been  informed. 

Rkiumatic  Gout  {Arthritis  nodosa). — This  affection  is  neither  gout ' 
nor  rheuTuatistn,  but  appears  to  be  a  di.stinct  constitutional  aflTccdotL 
It  occurs  most  frequently  in  the  delicate  and  the  nervous,  aiid  may  be 
regarded  as  essentially  a  condition  of  debility.  It  is  very  apt  to  affect 
the  hands,  fingers,  and  toes,  and  sometimes  thoroughly  cripples  the 
patient. 

Treatment. — ^This  condition  is  roost  successfully  combated  by  tonics, 
and  electrization,  more  for  its  tonic  effects  on  the  system  than  for  any 
special  catalytic  power  over  the  enlarged  joints.  General  faradixation, 
central  galvanization,  and  galvanization  of  the  sympathetic  are  the 
methods  that  experience  has  shown  lo  be  most  useful  in  this  very  intrac- 
table malady. 

Prognosis. — The  prognosis  in  rheumatic  gout  is  not  brilliant.  The 
pains  can  be  relieved,  the  sleep  can  be  improved,  and  the  system  can 
be  in  every  way  strengthened  by  the  electric  ireatracnt,  and  even  the 
enlarged  joints  can  \yi.  matle  Ui  diminish  in  size,  or  at  least  lo  be  lesf 
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troublesome.  As  nearly  all  [)aiicnts  alllicted  with  rheumatic  gout  aie 
in  a  condition  ofdrbllity,  the  ini|>rovcinent  ex|>enenced  at  first  under 
general  faradi/aiion  is  such  as  to  lead  iheni  to  hope  for  a  permanent 
eradication  of  the  disease.  I  n  this  respect  they  arc  always  disappointed. 
The  disease  may  be  held  at  bay,  but  ts  never  banisticd.  It  is  doubtful, 
indeed,  wheiiicr  the  benefit  Is  not  entirely  due  to  the  tonic  effects  of  ih« 
IreatmetU  on  the  sysieni,  and  not  at  all  lo  any  special  iiillueiice  over 
the  rheumatic  gout 

Other  remedies  are  so  powerless  in  this  afTectlon  that  electrization 
b  worthy  of  a  trial  for  the  sake  of  its  general  effccls.  Wc  have  treated 
a  number  of  cases  by  general  faradization,  central  galvanization,  and 
local  galvanization  of  the  affected  joints,  with  palliative  and  tonic  effects 
of  a  most  decided  character.     Dr.  Althaus  has  had  similar  experience! 
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Or  spasmodic  diseases  this  general  law  holds,  that  when  recect,eTeD 
iboiigh  violent,  they  yield  readily  to  electrical  treatment ;  but  wheo 
long  standing,  they  arc  easily  palliated,  cured  with  difficulty,  and  are 
prone  to  relapse. 

IVri/er's  Cramp. — This  affection  is  not  peculiar  to  writers.  An  anal- 
ogous condition  may  attack  seamstresses,  milk-maids,  a»d  others  whose 
callings  compel  them  lo  use  for  a  long  time  a  certain  set  of  the  nmsdes 
of  the  hand.  It  is  believed  that  the  affection  is  not  purely  i>cripheral, 
but  iliat  it  frequently,  if  not  always  is  connected  with  disease  of  thr 
upper  portion  or  the  spinal  cord. 

Whedier  found  in  the  artist,  rendering  him  unable  to  manipulate  hi< 
brush — tlie  pianist,  preventing  him  from  fingering  his  instrument — or 
the  penman,  causing  his  writing  to  be  almost  if  not  quite  illegible — the 
lame  general  diaract eristic  is  observed,  viz.,  tlic  recurrence  of  spasm 
or  pain  whenever  an  attempt  is  made  to  execute  a  special  movement. 

Paine  resembling  neuralgia  or  rheumatism  so  closely  as  to  be  con- 
rounded  with  those  diseases,  frequently  accompany  writei's  cramp. 

The /•ro^iffsis  in  the  early  stages  is  sometimes  Civorable  for  a  perfect 
cure;  advanced  stages  of  longstanding  cases  are  usually  rebellious ; 
but  even  these  maybe  much  relieved.  Rat  from  the  occu/ation  w 
almosi  imperative. 

The  ireaimenl  should  be  both  central  and  pcri|>hcra!.  Galvanization 
uf  the  upper  portion  of  tlie  cord  and  of  t))e  median  and  radial  nerves, 
^)inal  cord,  plexus,  and  nerve .citrrenls,  and  faradization  of  tlte  affected 
muscles  and  of  their  antagonists,  may  be  tried,  and  when  anesthesia 
exists  the  wire  brush. 

Unfortunately,  however,  those  who  are  most  frc<iuently  subject  to 
writer's  cramp  are  tlie  very  ones  who  are  unable  to  take  the  necessary 
resL 

Although  the  results  of  treatment  by  electrization  in  litis  variety  of 
palsy  is  by  no  means  uniform,  yet  it  has  undoubtedly  been  followed  ill 
many  instances  by  approximate  and  even  perfect  rccoven*. 


CASES  or  WRITER'S  CRAMP. 


SI3 


trrhn*t  eramf^  txitting  /*r  fmr  ytan—ZMfrwcmtnt  u-dtr  farmMtatU^t  amd 

Cask  I.XXXtIt—F<»r  four  years  the  p«li«nt,  a  gentleman  aged  35,  hadobteri-etla 
ettain  IwMwf  pjnet  in  titc  thumb  in<l  inilcn  fingirr  oft  he  righl  hand,  that  became  more 
de<.i>.M  ^nil  3n(toy«d  him  more  uid  more  wnoiuly,  10  that  alxMit  a  year  previotu  to 
hit  vtril  to  Of  he  was  enal*l«d  only  with  JiHiculty  to  write  the  few  pages  daily  that 
ht>  hddncis  re^iuired 

Tlie  patient  was  unable  to  fully  extcnil  ibc  tfaumtj  ami  iiulcs-fini;er,  ami  on  localis* 
ing  l'>c  farailic  cnrrcnt  thronjTi  the  flexor  Innguo  polUci*  and  the  a4liliii:«ftr  polllcii, 
thrre  was  a  marlccd  decrease  in  the  cleclro-moRnilar  conlractitity.  The  flexors  and 
euenMrs  of  the  other  fingers  mpontW  normally  to  the  Influence  of  the  current.  The 
inner  surface  of  the  hand  wa«  dectdciMy  anK&thcic,  while  lie  complained  of  a  constant 
torencv  of  the  wH«t  that  al  times  became  <]riite  painful. 

We  ticc^ui  wilh  the  faraiic  current,  lucaliiint;  it  through  tbe  two  musdn  of  thi 
thumb  specially  affectetl,  and  also  making  the  application  more  general  through  arm, 
wrist*  tad  hand. 

Tltts  method  completely  di«Ltjpatcd  the  annoying  nn3esTh«Ma  and  wrenessor  the 
•rrisl,  but  mulled  in  no  other  benefit. 

A  mild  galvanic  rarreiic  fmni  «»  Bantcn'n  cells  wa^more  cfTcclnal.  Twelve  appli- 
cations resulted  in  a  con^dcrable  ing^ea^e  of  strength  in  tin:  alTccted  hand,  and  tbe 
firxnr  musclei  of  the  Ihitmh  nnr)  index -Finij-er  very  itecidoUy  relaxed,  h>  thai  he  wu 
rcaiUly  cuabltd  to  accomplbh  two  or  three  time*  nuTc  in  the  way  of  witting  than 
before. 

In  some  cxses  of  writer's  cramp,  and  especially  in  die  eirly  stiges, 
a/ias/Aesia  or  numbness  is  the  leading,  if  not  the  only,  symptora.  This 
may  appear  long  before  the  cranip. 


fnri^nU  vrri/tr'j  tramp  in  ait  tdUar — Prvfouad  total anattktna — Rapid  rtlU/urndtr 
UtaUtti  faritdiiMhM  aiut  gahanitathn. 

Case  LXXXIV.— .Mr.  II.  C  B.,  a  gentleman  over  t)o years  of  aee,  a  promineM 
editor,  was  referred  to  tn  by  I>r.  C  I..  MitchH!. 

Tbe  only  symptom  of  which  the  patient  complained  wa%anumhne«i  of  the  la«  two 
phalaagesof  Iheriyht  index-fiii;;cr.  The  elecCro-ienribilily  was  so  Rtuch  diminlihed 
thtt  amrong  faradtc  current,  which  on  the  third  phalanx  and  all  the  other  fingers  of 
the  hand  wai  intolerable,  was  but  iittte  felt  on  the  last  phalanx,  and  caiucd,  indeed, 
rather  an  agreeable  iwnKilion.  The  ."nlhesioiTieter  alio  indicated  great  anx^hcsia. 
The  muscles  <tl  responded  well  Co  theuiil  and  to  cleclticity.  Tbe  symptoms  had 
existed  about  two  weeks,  and  had  come  on  gradually.  There  was  no  evidence  of 
cerebral  dilBculty  or  of  spioal  sdcrgns;  in  all  other  fealnres,  except  the  rumlmess, 
and  a  slight  feeling  of  wcalcTins,  or  rather  ofnervousnen  in  the  arm,  the  patient  ii 
well 

At  that  stage  there  was  no  tingling  or  pricking  sensation,  no  neuralgia,  and  no 

We  made  the  diagnosb  of  incipient  wri.tei's  cramp,  partially  by  exclusion,  and 
psriially  by  the  pontive  symptoms  of  numbness  and  weaknes*  in  the  parts  conccmod 
in  writing. 
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FaradiiattoB  with  sponset  and  the  metallic  bnuh  save  immediate  relief;  the 
nitini;  did  much  tow&rd  reslofios  the  sensation.     In  nine  days  five  applications || 
only  the  last  philsnx  of  the  indcx-fingo-  remained  aiueslhetic.     Thtt  pan  was  obctl> 
note  lh[ou(;liout,  especially  on  the  very  lip  of  the  fin^a. 

The  patient  now  Tclt  that  he  was  well,  and  closed  Ids  visits,  sliU  workif^  «s  uaal 
with  hi&  j^ien  u  hard  as  ever  almost  all  day  loni;. 

December  7th  he  returmd,  wiih  a  retttm  of  the  symptoms  o(  nambnea^  compB* 
rated  with  pikkinj;  and  tiogIifi]j  ienutions,  ncufalgia  of  the  arm,  aiid  gjeat  debility. 
Long  writing  cnuacd  great  uncouncss. 

A^tvfftte  rut  froin  wiiting  was  now  demande),  and  the  patient  obeyed,  aiSl  asiag 
hb  brain,  but  employing  a  secretary.  Again  he  began  to  improTe  uuler  penphcral 
foradizAliou  and  |;alvantialion,  aiid  galvaaiiation  of  llicoppcr  part  of  the  spine  and 
cervical  sympatheiic 

January  1,  1S73,  lie  was  very  much  better— indeed,  neaity  well.  That  day  he 
slipped,  and  fell  down  the  steps  of  his  bouse,  and  struck  on  the  hand  and  ihoulder  of 
Ihe  ofTccted  arm.  The  shock  lamed  him  greatly,  and  caused  for  a  long  lime  slitlhes 
and  mudi  pain  of  the  shoulder.' 

The  electrical  treatment  was  renewed,  January  14th,  and  continued  c*cry  oLhct 
day  during  the  monih,  wiili  saltiiractory  results  The  enforced  reu — for  the  patienl 
was  confined  to  Ihe  hoaK~-oo-opcrated  with  Ihe  electrical  treatment. 

Torticollis  (  Wryneck). — This  raniiliar  disease  consists  in  a  spasm  of 
the  mu5cles  of  the  reck,  by  which  ihc  head  is  dmwn  to  one  side.     Th«  ^m 
siiasms  may  he  tonic  or  clonic  ^ 

Althoiigh  the  ixuhology  of  the  disease  is  obscure,  it  is  )*cl  quite  clear 
that  it  is  of  a  nervous  character.    More  than  by  any  other  cau&e,  it  u 
brought  on  by  excessive  mental  labor  or  anxiety.    The   symptonu 
usually  come  on  gradually  ;  tlic  niusctes  of  the  neck  on  the  side  tovan) 
which  tlie  neck  is  turned  are  sonietiines  flabby  and  atrophied^  and  the 
muscles  on  the  other  side  are  hard,  Ijnipy,  and  enlarged.     Frequently 
Ihe  deeper  muscles  of  the  neck  arc  involved,  as  well  as   the  stemo- 
cleido-masioid  and  trapezius.     The  spinal  accessory  ner\-e  would  ap- 
pear to  be  at  fault.  The  condition  is  really  fi  kind  of  ^^ partial  chorea^'*  ^| 
analogous  to  writer's  cramp,  facial  s/^sms^  sffosm  of  the  eyelid,  and,  ^^ 
like  all  these,  is  usually  vcr}-  obstinate,  except  in  the  mild  form  and 
early  stages.     TTie  disease  is  frequently  brought  oh  by  excitement  vr  ^| 
wofyy,  " 

2>ur^tfm.— The  disease  should  not  be  confounded  whh  common 
stiff-neck  tlint  is  caused  by  rheumatism  of  the  muscle*  of  the  neck  and 
is  analogous  to  lumbago.  In  siiff-neck,  which  usually  yields  to  faraili* 
xation  like  other  forms  of  myalgia,  the  head  is  kept  from  niovii^  by 
the  pain  which  movement  causes.  Diseases  of  spine  and  diseases  ol 
the  brain  sometimes  produce  tonic  spasms  of  the  muscles  of  the  necli 
that  resemble  torticollis. 
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EUetrte  JfjtauKna/Kw.— Onthcaffccled  side*  the  muscles  sometimes 
exhibit  increased  electro-muscular  contraciility  and  sensibility.  On 
the  other  side  the  electro-inusciilar  contractility  is  sometimes  ditiito 
bhcd 

Treatment. — Oalvamxation  of  the  muscles  of  the  affected  side  with 
mild  currents,  ami  faradization  of  the  muscles  of  the  other  side,  galvant- 
Mtion  of  the  sympathetic  and  cervical  spine,  arc  the  methods  that 
should  be  tried  in  this  disease.  They  vmy  be  tried  simultaneously  or 
in  succession. 

Protracted  applications  are  not  onlinarily  indicated  in  this  affection. 
General  treatment  is  only  required  when  the  patient  is  debilitated. 

In  connection  with  the  use  of  electricity,  the  hypodemiic  injection 
of  morphine  and  counter-irritalion  of  the  cervical  spine  by  blisters,  and 
mechanical  contrivances  for  keeping  the  head  in  position,  may  be 
tried. 

Pregnesis, — In  the  early  stages  torticollis  may  be  relieved  or  cured 
by  electrical  treatmenl  alone.  After  it  has  been  established  for  a  num- 
ber of  months,  it  becomes  one  of  the  most  intractable  of  diseases. 
Even  when  relieved  by  treatment,  it  is  rauch  disposed  to  relapse.  No 
case  should  be  abandoned  until  both  gaU'anic  and  faradic  treatment 
has  been  thoruiighly  tried,  since  it  is  the  only  method  of  treatment  that 
offers  even  any  hope ;  and  the  physician  should  not  be  discouraged  if 
the  symptoms  appear  to  be  aggravated  by  the  first  few  applications,  but 
shotild  reduce  the  strength  of  the  current  and  the  length  of  the  stances. 
The  same  remark  will  apply  to  analogous  diseases,  such  as  writer's 
cramp  and  facial  spasm. 


Ttrtkoliit «/ h»g  tlantiing,  krongkl  en  by  fftitr-<onfiMemfHt  and  anmtty — Somtrf 
lit/ from  far  adi%atien  and  gatvanitathn. 

Cash  LXXXV.— Mr.  K .  jge*  40,  ww  referred  to  us  by  Dr.   WillarU 

PirVer.  For  several  yean  before  lh«  altulc  appeared  lie  Imd  l>een  in  hii  usual 
heallli,  tiut  liati  hcea  severely  confincil  and  much  diurcs.'vcd  tiy  the  caret  of  biicincsak 
Tb«  syni>|i>n!s  sppcurctl  gradually;  ibcy  w'crc  al  first  slight,  and  only  derclopad 
their  full  force  after  several  weeks.  When  wc  first  saw  him  he  hod  been  sufTerii^ 
for  scrcrsi  montlii.  His  face  « as  almost  constanll]'  turned  toward  the  left  side. 
On  the  opposite  sitlc  the  slcmo^:lcido  muscle  w-as  coruiderahly  hypcrlrophie'!,  ai»,l 
on  'he  oilier  flal.ljy.  Tlic  position  of  ))U  face  and  th«  violence  of  the  cr-imp  were 
tDDch  dependent  an  mental  induenecii,  being  aggravated  by  exhauMiun  at  worry, 

Elt€tru  txamiaaihit  showed  incresM  of  electro- mtucular  contractility  in  the  af* 

'  It  shouEd  be  coiuidercd  that  the  mefno-cleidD-cnastoid.  as  ic  pulls  the  back  of  iha 
kead  tevarii  tht  thovlJer,  iHrni  tiit  /a<t  in  an  effctilt  dirttthn.  TAt  /ate  tkerC' 
/«rt  it  tvTHtd  away /rem  the  a/fectid  muteli. 
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reeled  ride,  and  dEteinution  on  tlie  opp[»«iie  side  (towards  which  the  face  wj»  turned). 
Careful  csimiiutioii  revealed  no  evidence  of  diieow  of  ttiv  vericl>ne. 

The  patient  yna  ireuUd  I'y  ttaiU  gah/amxalien  of  the  hyptrtrfphied  and  karJinei 
mnu/f.  hy  tplnal-tord  braekiai  pitxut  eurrtNt,  by  gaivantauUi^H  of  Iht  nmp.ilk*M 
ami  ifime,  by  JaradiialioH  of  (kt  fiabhy  mut<l*s  of  tkf  ^pfaiitf  side,  and  hy  grn^rat 
fnraitiMtiott.  In  three  weeks  (here  was  positive  bul  nut  marked  iin|)tuvenicnt) 
tlicro  was  decreue  of  the  hjrpcrtrupby  of  tlie  muscle  anj  some  dmliiuiiua  ut  ilw 
ipum. 


TorikaHts  of  a  moHtk't  duration— Ka fid  recct/tiy  trnder  total  faraJitatiMt, 

Case  LXXXVl.— MiiB  D ,  aged  m,  wa«dircLlcd  lo  us  by  Dr.  W.  W.  J"nei» 

of  New  York.  A  month  prcvioos.  she  caiiglit  cold  in  the  neck  from  a  draught  of  ait 
while  at  a  concoct.  For  a  week  subsoqucntly,  »liff  would,  every  (ew  momciils  in* 
volufliarily  turn  her  bead  to  the  right,  until  Anally  it  Iwoune  fixed  in  thi»  pouiiua. 
From  the  fact  tlial  &he  was  not  premited  frnm  tunuoe  her  head,  umply  fiora  pain, 
and  that  when  h  was  brought  to  the  proper  pwition  by  faradiung  the  muwlc*.  no 
pain  wa«  caused,  we  concluded  that  we  Ii:ul  nV  to  deal  with  a  common  stiff  neck  rt* 
nulling  from  rheumaliKm,  but  with  tonii:  »pa«m  of  a  nervout  character.  The  muKle* 
of  the  neck  on  the  side  towards  which  the  head  was  turned,  had  appreciably  atroplitH* 
while  vu  the  opposite  mJc  they  were  hard  and  enlarjred,  Tlwie  Uttei  rau«:lciex< 
biliiled,  as  usual,  increased  electro- nttucnlar  eontraciility,  while  on  ilw  right  side, 
towards  which  the  hexd  wtL»  tuiued,  couiractility  was  dimintslicd.  The  abnvc  phe- 
nomena represent  fairly,  we  think,  what  arc  usually  observed  in  the  earlier  itagn  o( 
the  diicate,  ani  the  fultowitij;  treatment  is  typical  of  wtiat  we  have  successfully  en- 
ployed  in  a  number  of  similar  casci  At  each  Mtling.  tlie  mQKlei  of  the  kft  sMe 
(thuse  that  were  large  and  prominent)  were  submitted  lo  mltd  galvanizalMn  for  a 
moment  or  so,  while  the  contractcil  stemo-cleido-m^ntoid  muscle  of  tl)«  tight  nde, 
towards  which  the  head  was  inclined,  witi  farajlite-d  with  siifficieni  force  to  can>e  ■ 
relaKiiiion  of  muscular  fibre,  allowing  the  heat!  li»  tnm  gradually  lo  ita  rulural  po*i- 
tion.  L'pon  removing  the  eleciriMle%  after  the  current  had  passwl  several  minutes, 
the  hei'l  wvaM  retain  its  position  without  the  conxiout  aid  of  the  patient's  wilt. 
After  an  inieival  of  some  fire  minutes,  it  would  again  turn  lo  the  Ti;>hl.  The  patkitt 
rapidly  improved,  and  after  two  months  of  tieatnicnl  had  quite  recovered. 


Paralysis  Agitans  {Shaking  Palsy). — There  are  iwo  kintls  of  shak- 
ing palsy : — 

1st.    Those  -with  ergnnic  lesions. 

Sclerosis  of  some  form  is  the  pathological  state  that  nsuslly  gives  rise 
lo  ihe  s)'mptoi«s  of  shaking  palsy. 

2d.   Those  where  no  leshn  can  he  discovered. 

Tlicse  are  usually  styled  functional,  although,  like  hysteria,  lhc>-  may 
be  stipposed  lo  depend  on  some  molecalar  derangements  which  ara 
not  revealed  to  the  microscope. 

The  disease  may  be  \oca\  ot  ^tneia\  -,  \X.  ta%^  attack  ooe  limb,  oi  the 
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lover  jaw,  or  all  four  extremities.  It  is  most  frequent  in  the  aged,  but 
i$  sometimes  observed  in  middle  life,  or  in  the  young. 

7>/tf/m^«/.— Central  galvanization  and  general  faradization,  foi 
general  effects,  may  be  used  in  shaking  palsy  with  benetit.  The  best 
results  have  been  obtained  by  galvanization  of  ihe  siiine  and  sympa 
ihetic  and  brain. 

PrognoTts. — Cases  where  all  the  liinbs  are  affected  arc  never  cured 
by  any  method  or  treatment,  es|>edally  in  the  aged.  Cases  in  whicb 
only  one  limb,  or  one  upper  and  one  lower  limb,  are  affected  are  some- 
times benefited,  and  in  rare  instances  cured.  Temporary  relief  can 
sometimes  be  obtained  where  no  |iemianent  benefit  results.  The 
vTcmor  of  the  limb  is  sometimes  abated  or  completely  arrested  for  otie 
or  more  hours  after  tlie  application  eithtr  of  general  /aradiiation  01 
qalvanizalion  of  the  spine,  and  in  rare  cases  entire  recovery  occurs. 
Dr.  Russell  ReynoKls  has  reported  a  cure  by  the  galvanic  currenL  Re- 
cently Jules  Chiron,  of  Paris,  has  published  the  results  of  galvanization 
in  7  cases.  Of  these  3  were  cured  ;  2  were  much  improved ;  and  3 
were  niucli  improved  in  their  general  condition,  but  not  in  the  tremor. 

.i  uut  *f  palty  afitant  AttoeiAttJ  with  ipaxmeiU  wtusmlar  tintratttoH  amd  Htttrai' 

gii  paint — Affrmmait  rtHtf  from  ttntrot  gaivaHOatioH  anJ  generai  faraMU' 

tiam. 

Case  LXX.WIl, — Mik  .M  ,  otjeii  50,  ap|>licd  tuuifcu-  the  relief  of  a  disorder  of 
which  tlie  following  were  l1ie  main  symplotni.  TheK  syrri[)lonts  had  been  almost 
cuiMtaiit  h'l  mare  tluui  fifteen  months: — 

The  patient  «raa  so  exceedingly  feeble,  that  n  walk  of  a  few  Hlocki  cautctl  complete 
exhaiuliun. 

Neuralgic  paint  in  the  fare,  righi  arm,  aril  «ifle,  were  conttAot  altlioiigh  varying 
in  iiitenutjr.  Suoietiuica  the  (li»tmi  vru  (or  l)uur»  nioiii  cKcruciaiin^,  .uid  then  an 
interval  of  rc^l  would  occur  in  widch  the  pain  was  Iwrely  apprecial>Jc.  Pain  along 
ibc  «pitic,  tfuC  nu  tendcmcM  to  prcMiiiE.  'L'tic  most  annoying  sytnploms  were  fre^ueni 
ipaxmndtc  contraclioM  of  the  tnuKle*  of  the  nock,  while  a  conslniil  anil  incenmil 
Ucriibling  of  the  hands  daring  the  waking  houn  made  with  the  rest  a  compliuailon  of 
aymptoms  llui  putntcd  to  Mniciural  change  nf  the  up)icT  portian  of  ihe  conl.  Cen> 
traj  galvaniuiinn  wai  in  llii*  catc  alieriuted  with  (general  farad izaiLoii.  So  far  ai 
i!ie  kfiauiiodlc  coniractiont  of  the  inuHrleswere  cuiicerncil,  tite  e^Tuct  wu  immediaK, 
being  fulJuwed  by  complete  ooU  permanent  relief. 

The  tteuralgia  was  grn^lually  dii^pcllol,  and  ilie  tremlj^ling  or  xhaking  in  the  course 
of  two  tnunlhi'  Lr«aimcnt  k>  bcnclitcd  aa  to  be  hardly  nuliceable.  JJuriiig  the  sum- 
mer ihat  followed,  the  patioDt  was  alcnost  entirely  free  from  every  uopCca^tirt  syaip- 
torn. 

tjMUattral farafyth  agilant  in  a  man  at*€^t  tixty years — Very  deeided aUatiatltnt/ 

tytt^lcmt  Httdtr  ttntrat  gah-aniiation. 
Case  LXX.KVilL— Mr.  James  A.,  aged  sixty  years.     SuffctiDg  from  ur»iUltt»V 
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patsy  agitans  of  llie  left  u*le.   Wu  plucti  uniler  our  care  tiy  Dr.  Amlrews,  cii  flica, 
Atq[u»t  I,  i$7& 

The  Grtt  ijrmptoms  of  lkudi«eas«  bectme  manifeit  ia  October,  1869,  and  cra<t« 
ally  incrcued  in  sn-erily  unlil  January,  tHjo,  since  whicli  time  llwrc  liad  Itetn  ne 
•L^pTccubLe  >{^ravatk>n  uf  ha  cni]<litioD.  Ttw  patient  wat  a  mechanic,  occupied  al 
tnoU  constantly  in  fiiinji  »Mrt,  and  it  vrw  liis  firm  impression  thai  tlie  peculiar  inAM 
eoca  tfutKoilted  to  llie  cord  by  the  tieaily  icrtpe  of  the  fik  was  an  Importartt  fatioi 
to  tb«  prodttetion  of  the  disease.  However  ihLs  may  be,  it  was  certaiu  that  be  wv 
ROW  anable  to  use  his  file  a  moment  without  candng  mou  disagreeable  feelines. 

Wc  essayed  a  few  applications  of  general  foradiutton,  but  as  it  did  not  seem  to  al 
lay  any  of  the  disagreeable  fealarea  of  the  disease,  wc  resorted  to  cential  j>al*aftiia 
lion.  After  a  few  applications  to  the  bntin,  sympathetic,  and  spiml  curd,  ihe  speech, 
which  was  decidedly  afTccled,  so  lliat  he  stuttered  and  hesitated  in  every  eflod  to 
talk,  became  perfectly  aormaL,  and  ho  was  no  lonj^r  annoyed  by  it.  For  nua) 
ntoiillts  he  had  been  unable  to  sleep,  unless  lying  on  the  back  with  the  arms  prtaicd 
to  the  tide.  In  four  weeks  he  was  able  to  sleep  with  perfect  eonroTt  in  any  po^ 
tion. 

TliB  paltcnl  remained  under  obsermtioa  some  three  raontbi,  and  received  ia  all 
•bout  twenty-five  appUcnlions.  He  improved  in  hi*  general  coadilioti  very  dcddedly, 
tltc  arm  and  leg  became  much  stranger,  su\d  the  shaking  raovemenls  decreued  ta 
tererity  al  least  fifty  per  cent.     Further  than  this  we  were  pownlen  to  aasitt  hum. 

Aiihtna, — Asthtita  U  one  of  the  conditions  for  which  it  would  be  sup- 
posed, dpriorit  ihal  electriiiation  might  be  of  service ;  and  yet  the  published 
records  of  successful  treatment  are  not  very  extensive.  One  of  the 
earliest.  If  not  the  very  earliest,  experimenters  in  this  department  Mras 
Dr.  Wilson  Philip,  who  began  his  researches  in  electricity  in  the  early 
l>art  of  this  century.  "  By  transmitting  its  influence  (galvanism)  from 
the  nape  of  the  neck  to  the  pit  of  the  stomach,  he  gave  decided  relief 
in  every  one  of  tAventy  two  cases,  of  which  four  were  in  private  practice, 
and  eighteen  in  the  Worcester  Infirmary.  The  jiower  employed  varied 
Irom  ten  to  twt-nty-five  pairs-"  The  treatment  which  is  theoretically 
indicated  is  galvanization  of  the  pneumogastric  and  sympathetic 
Benedikt  mentions  a  case  successfully  treated  by  this  method. 

The  methods  we  employ  in  asthma  aie  galvanization  of  Ihe  pneu- 
mogastric  and  cerebral  galvanization,  and  usually  with  temporaxy, 
though  not,  as  a  rule,  with  permanent  benefit. 

The  faradic  current  is  soiuctimes  effective  in  affording  temporary 
relief  after  failure  of  the  constant  current  In  several  cases  tJiat  have 
fallen  under  otir  observation  persistent  faradization  of  the  cbe&t  and 
neck  ha£  been  followed  by  marked  relief. 

Attkm*  of  thrte  moMtkf  ttarut'tMg — Afpartnt  rtt^otry  unJtr  frr r 'lirfi/ jufrw ikmti*m. 

Cask  LXXXIX.— Am  M.  C,  treated  at  IJcmih  Dispensary,  had  her  6nl  auadt 
of  A&lhma  three  moutlii  before  scckiug electrical  ireatnieuL  Every  few  days  llKtvafier 
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«  fmrmcfam  ot  conddcnble  levcrity  would  proctnti  b«r.  Bdci«  the  ooid  of  tk« 
■tUclt  she  tnrsmhly  expericnoed  a  cok)  tenulion  txiween  the  khoulilen.  The  ex.- 
pecloralioo,  wbkh  so  toon  as  tlis  can  Uiraw  offalTonlt  relief,  had  the  appcwwe  of 
botteJ  ttftrch  The  vnctl  of  cookUig  ilvrayn  hantened  m  uuck.  Tbs  i»titat  wu 
treated  from  May  tSib,  iintii  June  17111,  by  \\\c  tnetbod  ot  locallzcO  jE'liranitilion, 
when  sbe  was  Uisctiaixec]  apparently  cured. 

Aitima  tif  m«»y  ytmri  tUmdinff — t>miM  ttmfffvry  rtUt/  fnwt  Ucai  faraMta- 

Cask  XC. — We  Heated  at)  uld  f^entlenun.  a  patient  of  Dr,  Joliti  T.  Metcalfe, 
for  a  chronic  asilimailc  difficulty  nf  many  years*  5tandin(;.  He  was  sutv 
mUted  motily  10  galvaniution  of  the  great  «ympailietic.  pneiivnf»ei«ri(,  and  phrenlfi 
nerres,  Wl  (he  only  decUled  relief  ublajned  was  ftoin  umifle  fiirailiuiion,  the  potitive 
pole  bein^  pbced  at  the  back  of  the  nedc,  and  the  negative  jiut  above  ihe  uemum. 
Thb  mctliod  catueO  a  moM  plca&anl  relief  from  dijcotnfort  un  awakening  at  ni|*liL 
No  permaAcnt  benefit,  however,  was  aAonled  by  the  ueatinent. 

Mttsettlar  Citntractwns. — These  luay  arise  in  hysteria,  in  tnyeliiis, 
meningitis,  and  spomlylitis,  diseases  of  the  ccTcbnim  and  cerebellum, 
or  they  may  be  of  a  reflex  character.  They  exist  sometimes  in  neiurilis 
or  rheumaltsm. 

T!ie  treatmfaf  consists  in  peripheral  galvanization  or  faradization  of 
the  affected  muscles  or  of  their  antagonists,  with  stable  currents  and 
gilvanizatiun  of  the  head,  spine,  and  &)'inpat]ietit:,  according  to  the 
ipccia]  indications. 

The  prognosis  is  usually  unfavorable  for  all  exce[>t  the  rheumatic 
cases. 

Facial  Spasm. — This  affection,  which  is  not  tinfrequent,  is  usually  very 
[-obstinate  against  all  treatment.  The  treatment  \^  galvanizaiion  widi 
the  spinal -cord-muscle  or  nerve-muscle  current.  Recent  cases  may  be 
cured  by  the  application  of  the  galvanic  current  to  tlie  brandies  of  (he 
fifth  pair.  Long  standing  cases  may  be  teni|K)rarily  relicveH,  but  are 
rarely  permanently  curciL  Remak  rejwrted  success  even  after  the  con- 
dition WAS  very  chronic 

Dysphagia  from  Spasms  of  the  Pharynx. — This  symptom,  though 
sometimes  the  result  of  organic  centra]  tlisease,  is  not  unfrequcnily  of 
a  purely  spasmodic  character,  and  as  such  is  amenable  to  elecinc  treat- 
ment,  either  by  external  or  internal  applications.  The  method  we 
adopt  fur  such  cases  is  to  place  one  pole  on  the  back  of  the  neck  and 
the  other  just  above  the  sternum,  or  by  the  inner  border  of  the  sterno* 
cleido-niastoid  muscle.  If  this  method  fails,  internal  apiilications  may 
be  made,  by  means  of  a  catheter-shaped  electrode,  against  the  constric- 
tors of  the  pharynx.     Some  cases  yield  with  suqirising  readiness  to  ex- 
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temal  treatment.  Cases  dependent  on  central  disease  are  usually  quitt 
rebellious. 

A  case  of  this  k.ind,  in  which  the  food  was  returned  throagh  the 
mouth  or  nose,  was  cured  by  Hiffelsheira  by  galvanization. 

Hcffclshctin  has  recorded  a  case  of  excessive  and  obstinate  vomiting 
that  was  cured  by  five  aiipUcations  of  the  galvanic  current  to  the 
pneuuiogastric. 

tiytfkagia  from  tfatmadif  attwn~-Rtt9t>try  /mm  htatiud  faraUitafion,  twut  rf 

ftmttd. 

Case  XCI — An  otd  lady,  aged  nearly  70,  was  Kot  to  us  by  Dr.  Furdyce  Bu- 

Iter.  Shi-  had  for  some  mnnttis  hccn  annoyed  \>y  much  iliftL-iilly  in  lite  act  cif  i»d- 
lowifi^,  aii<j  was  appreliei»ivi)  of  soRiKatiun  on  Accauot  of  the  Icnduicy  af  loixl  to 
lodcc  in  lh«  cnoplncilik  Loadimd  (■raduarion,  repealed  t«->ee,  completely  relieved 
'Jic  spuiDodtc  tendency,  and  cnablcl  the  patient  to  eat  withgat  fear  of  oonscqueoctt 
£0  far  as  we  are  aware  the  relict  wa»  pctmancnc. 

Singultus  {Htteough). — ^Thi«  symptom,  when  it  becomes  pemianentl)* 
annoying,  may  be  treated  by  gali'oniuUion  of  the  sympathetU  and  pnn 
megastric,     Wc  have  treated  in  this  way  two  very  obstinate  cases  with 
out  benefit. 

Tetanus. —  Dr.  Mendel  has  reported  two  cases  of  tetanus  successfully 
O'caied  by  the  galvanic  current.  He  u»ed  various  methods  of  applica 
tion,  central  and  peripheral  Immediate  relief  followed  each  applica 
tion. 

The  conclusions  at  which  he  arrives  from  his  cases  are  that  a  mild 
current  should  be  applied  to  the  affected  muscles,  without  regard  to  the 
direction  of  the  current,  although  the  positive  pole  should  be  applied 
to  the  antagonists 

Jiydroph&bia.  — Thi  disease  is  so  rare  tn  its  occurrence,  and  so  rapid  in 
Us  course,  that  electrical  treatment  even  by  its  most  imperfect  methods, 
has  had  almost  no  chance  to  be  tested.  The  suggestions  that  wc  have 
to  offer  are  therefore  of  necessity  based  on  theory  and  analogy,  and 
experience  in  the  treatment  of  other  and  more  or  lc<>s  allied  diseases. 

'Hie  best  method  of  using  electricity  in  a  case  of  real  or  siniubted 
hydrophobia  would  be  to  place  tlie  negative  pole  of  the  galvanic  current 
at  rlie  pit  of  the  stom-ich.  and  apply  the  positive  successively  at  the 
top  of  the  head,  tlic  nape  of  the  neck  {central  galvanisation)^  over  the 
legion  of  the  pneuiuogastric,  and  down  the  spine.  If  the  galvanic  cur 
rent  cannat  be  obtained,  the  faradic  (electro-magnetic)  might  be  tried, 
although  it  wuuld  probably  be  less  elBcacious.  Mild  or  mndcraie  cur- 
rents would  be  iilccly  to  do  more  good  limn  very  powerful  currents,  and 
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there  sliould  be  inieiiiiuuions  in  the  trealinent.  During  these  luter 
missions  icc-b^gn  might  be  a|t|>tie<J  to  thi.  spine.  We  should  not  expect 
that  tiiis  treatment  would  cure  real  hydrophobia,  but,  If  faithfally  used, 
it  would  greatly  reli<;ve  the  horrible  agonies  of  llic  disease,  and,  either 
atone  or  in  connection  with  other  trcatiiient,  would  be  Ukely  to  prolong 
life.  Electricity  has 'never  yet  li;ul  a  fair  trial  in  hydropliobia.  Sclii- 
vardi,  who  kept  one  of  his  patients  alive  several  days,  used  only  a  par- 
tial and  imperfect  method,  and  uo  other  treatment,  so  far  as  is  known, 
has  been  so  successful. 

Hydrophobia  is  one  of  the  very  few  diseases  in  whicJi  it  is  better  to 
use  electricity  blindly  and  imperfectly  than  not  to  use  It  at  all.  'Hiere 
are  two  considerations,  however,  that  are  somewhat  discouraging  : 

I.  The  spasiiiuOic  affections  that  most  closely  resemble  hydrupliobia 
and  with  which  it  Is  sometimes  confounded — epilepsy,  tetanus,  etc — 
do  not  yield  readily  and  pciiiianenily  to  etecuical  Ireainient.  Great 
benefit  can  be  derived  from  a  proper  use  of  electricity  in  eplfepiy,  but 
very  rarely  a  permanent  cure. 

3.  To  get  ihe  best  results  of  electrical  treatment  time  is  necessary. 
Save  in  the  resuscitation  of  the  drowned  or  asphyxiatetl,  and  the  tern- 
jtorary  relief  of  i)ain,  electricity  accomplishes  its  great  c;ire3  slowly. 
Hydiopliubia  runs  its  course  rapidly,  and,  in  its  itici[)ience,  is  not 
tuually  recognized.  The  only  hope  tiial  real  hydrophobia  could  be 
cured  by  electiiciiy  rests  in  ilie  possibility  that  it  could  relieve  ll»e 
symptoms  nod  delay  death  through  its  powerful  se<iative  intJucnce,  so 
that  there  would  be  more  time  to  act  \i]>on  the  nuiriliou  of  the  nerve- 
centres  either  by  a  continuance  of  the  electrical  treatment  or  by  other 
methods.  There  is  reason  for  the  belief  Uiat  some  at  least  of  the  cases 
of  so-called  hydrophobia  are  of  an  hysterical  character — are  brought  on 
by  fright  and  dread.  The  only  safe  course  is  to  treat  such  cases  as 
though  Ihey  were  genuine  cases  of  hydrophobia.  The  most  brilliaat 
results  of  electrical  treatment  are  obtained  in  hysteria  and  allied  di- 
seases, and  notably  in  liysterical  convulsions,  and  tt  Is  quite  probable 
that  the  hysterical  symptoms  of  hydrophobia  would  yield  to  the  same 
remedy.  The  result  of  the  treatment  would  help  somewhat  the  diagno- 
sis. If  the  patient  entirely  recovered,  the  probability  that  the  case  was 
of  an  hysterial  nature  would  be  strengthened  almost  into  certainty. 
Inosmiicii  as  one  or  two  of  tJie  recent  cases  were  probably  In  part  hys- 
terical, and  as  the  discussion  of  the  subject  has  caused  our  sensitive  and 
highly  nervous  people  to  ilwell  on  this  dreadful  ta|}ic  day  and  night,  i( 
is  not  impu&stble  that  other  cases  of  a  like  nature  may  occur. 

Stammering. — Dr.  Althaus  succeeded  in  curing  a  case  of  stammering 
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of  five  years*  standing,  in  a  lad  nine  years  of  age,  by  ihe  application  of 
Ibe  galvanic  current  to  the  laryngeal  nerves.  The  applications  were 
nude  twice  a  week  for  two  months. 

Epdepsy. — Epilepsy  ts  one  of  the  diseases  for  which  electricity  in 
some  form  or  other  has  been  used  for  many  years,  though  with  rather 
uncertain  and  capricious  results.  The  method  of  treatmcot  thai 
promises  most  in  this  disease  is  central  galvanization.  Another 
method  is  to  place  one  of  the  poles  over  the  point  whence  the  aura 
proceeds,  and  the  olhcr  over  the  ncr^-c-ccntre. 

Temporarj'  relief  can  be  obtained  in  very  many  cases  of  epilepsy  by 
electrical  tiealinent.  The  intervals  between  the  attacks  can  be  greatly 
lengthened,  and  in  a  certain  proportion  of  the  cases  the  results  are  be- 
lieved to  be  permanent. 


PtitttHol. — Marifd  Umporarjf  rfUt/  /fMK  general  /areditatieH  an^  gahuuiitMitM 
of  jjnifathtlie — Rttapst. 

Case  XCIL  — In  nne  c-u*  of  "iwlit  mal,"  occurring  in  a  boy  totnc  I J  fcuiof 
■ee,  Ihe  bioniUe,  given  induauof  lOgn.  Iliree  timn  t  day,  acted  clia/minf^y.  The 
purnxyMiu,  which  fur  nearly  two  years  had  occurred  from  six  to  ten  times  aday,  wen 
immediately  reducml  tu  une,  Iwii,  anil  tliree  in  Ibe  Iweniy-fuur  huuiL 

Thix  iiTiprovemenl  waj  inanifeat  for  nearly  a  inonili,  wheu,  notwithtlaDdiDg;  l)io 
increaicd  Uuaca  of  bromide^  itic  [»iuxyMii>  gradually  iiicreaMd  in  (rei|uei)cy,  uniU  Ihe 
patient  was  rendered  uncoiucioui  by  them  at  often  at  before.  We  now  rcso(1«d  to 
general  cleclitiatioii  with  ttie  faraJk  current,  uid  occaiioually  to  gaJvaniution  of 
the  nympAtbetlc.  Singularly  enough,  the  results  that  followed  were  mlMiantiiiUy  the 
same  a*  thuve  obtained  froui  llie  adniLiiist ration  of  ibe  brumide  of  potattlum.  For  a 
few  week*  the  frwiuency  of  the  epileptic  wijrures  was  reduceil  lo  one  and  rwo  a  day. 
when,  ni>lwitlif-tand;ti|;  every  dTuct,  lliere  was  a  kccond  xt^a.yy.  tu  bb  ulU  conditiuo. 

The  boy  evidently  inherited  a  very  decided  iiervoiis  diathe^  bat  tbc  exdtii^ 
cause  of  Die  attaclu  wat  Bkcritml  to  a  MTcre  fall  totne  weeks  before  the  ni<Ltufc*l*lion 
of  Ihe  fint  paroxysm. 

EpiUpsy  nf  tltv*n  ytart'  itanJiug — IWiadUal  attatks — Imprtvemtut  in  tit^p  and 
mental  cenditian,  and  diminution  oj  aitackj  nniitr  gtntral /anditati^m—Nstlttng 
/Hrtktr  gained  by  galvamiation. 

Cask  XCIII.— W.  H.  V.,  a  bd  aeed  ifi,  begao  6r*t  to  ntffcr  from  epileptic 
teiaures  when  hut  fivt  yean  old. 

/or  the  firht  five  years  the  attacks,  conssting  of  a  Dumber  of  tla  in  rapid  mcctt- 
don,  occurred  every  fiTC  or  six  vrecks.  From  his  eighth  lo  hit  fifleenih  year  ibt 
paroxytiiu  increased  in  frequency  aud  severity,  unlil,  at  the  date  of  his  mil  to  us, 
Ihe  attacks  recurTc<]  every  week. 

It  wa*  a  noiicnable  fact  [hat  for  Ihe  last  year  tlie  patient  had  almoat  lavarUblj 
fuifered  from  thc«c  epileptic  Kiiures  on  Saturday. 

Tbc  buy  bad  grown  rcnsiliy  Meakcr  both  in  miod  and  boJy,  and  nscacnanli 
frritaWe  anJ  capricious. 


Treatment  wu  conuneckced  bjrgensrftl  fnadizalion,  with  speda)  reference  to  ibc 

anil  >|iiae. 
Uiuler  thu  iroktm^nc  sleep  l>ecfline  more  soaud  and  refreshing,  aiul  th«  mind  calmer, 
wtiile  Uk  utiul  (Kiruxysiii  wjstJeUyeiJ  until  tlie  Tliuisluy  fDllnwriiig  tlic  rtguUi  time 
for  lU  recurrence.  The  general  cuadition  of  ibc  [i^iicut  ;:i>niinue^l  to  iuiprove,  sue] 
•  tecond  attack  ura\  deUyed  four  weeks.  He  reniaiiiul  oiidcf  ob^rvaiiiin  some 
months  longer,  havinj;  a  paronyspii  (far  lew  mvcic,  howcvci',  ihaa  fortuefly)  alxtul 
every  four  week^  Die  galvaiuv  cuirei4t,  vtuiL>Ukl^  used,  seemed  to  accomplish  noth- 
ing tliat  h^d  not  nlrcaily  been  obtained  by  the  faradic  Ttic  cue  mod  after  paued 
from  uur  i3ie,  uid  whether  relaptci  Imro  occuired  we  have  not  been  ftble  to  asccr- 
Uio. 

EpiUfsy  offiireyear^  itanding^Apfartnt  nttfutry. 

Cask  XCEV.— Mise  W.,  aged  30,  came  lo  u*  Korcmher  4,  1S76,  writh  the  follow* 
injj  hiuory  :  la  the  early  part  of  1872  the  hoil  her  first  atiiuk  iii  llie  nigtil,  while 
asleep,  but  fura  jrear  previous  hod  occulunn  of  being  in  a  dazed  condition  with  great 
confusion  of  ineiuory. 

It  i*  x%  well  to  >cicc  thil  there  had  hcen  all  alun^  in  her  c.ise  a  »lrong  hysterical 
ckmciu  tliat  is  f rciiuen'.ty  aggravaieti  by  surrounding  intluences. 

The  altaaks  for  awhile  occurred  onjc  in  about  seven  weeks,  and  furihcr  on,  in- 
itead  of  a  Mnglc  poroayiui,  s'.Mi  would  have  two  and  M>inen*nei  three  in  the  suirceed- 
ing  twciLtyfour  hourH.  Liter  alill,  the  atuicki  t'ccaine  a>  fTc<(ucnl  as  once  a  inonih, 
with  one  or  iwu  longer  iniervaK  We  Icamol  that  Dr.  Geo.  J.  Kisher,  of  Sine 
Sing,  lud  formerly  been  her  physidan,  Hud,  in  answer  Co  a  letter  of  inquirjr,  he  tn- 
fornicd  UK  that  the  patient  h.id  been  under  hii  care  for  a  long  itme. 

lie  had  given  her  the  bromiilesof  pnliLWiiitm  nail  soda  (of  each  10  grs.)  three  limei 
a  day.  This  she  had  taken  for  several  years,  and  was  still  taking  wlicii  sJie  cninc 
oader  our  care.  During  the  month  previous  she  had  three  attacks,  and  was  feeling 
cert^a  preraonUion*.  whicli  »he  described,  when  we  submitted  her  to  the  additional 
Ireatnenl  of  the  elcctridiy.  We  did  not  feel  jitstifieil  in  riifciinliiiuinB  medicine,  but 
in  order  to  give  her  eveiy  chaiiLC,  »ulistiLu(cd  for  it  the  formula  of  Brosvn  SC-quard. 

The  [atient  wa^  exceedingly  nervous  and  despondent,  and  it  was  evulent  that  if  in 
no  other  way  electricity  might  iwove  of  tefvice  at  an  adjunct  10  allay  irtitabilitjf  and 
as  a  general  tonic. 

We  licaled  her  every  other  day  for  three  months,  alternating  central  galvnniration 
with  general  farai1i»tion.  We  then  gave  h^r  an  Interval  of  rest  for  three  innnlhs, 
during  which  time  she  had  an  attack,  occuning  a  little  mure  than  six  months  from 
the  lost.  After  a  second  three  months'  treatment,  we  allowetl  another  interval  of 
rest,  and  again  treated  her  for  Ihice  months.  She  hat  not  hail  a  i>ecuiiJ  attack,  and 
as  two  years  liavc  pasrad,  during  which  she  ha«  had  hut  one  wirure,  we  are  hupcluL 
afnltimate  Te<>tdt<t.  It  i^  worthy  of  note  that  since  the  Iwk  methods  of  treatment 
have  liccTi  cunt'iitied  the  bfomtc  acne  tias  verji  cotiudcrably  lewcDcd  and  at  times  Is 
hardlj'  perceptible. 


CHAPTF.R    XXVI. 


DISEASES   or   THE   SKIIJ. 


There  are  several  theoretical  coiistJerations  thai  would  lead  us  to 
5U(ii)ose  that  dectricily  might  be  of  service  in  Uie  trcatinent  of  discuu 
of  the  skin : — 

r.  l*ain  and  itching,  ofientimea  of  a  very  distressing  character,  accom- 
l>any  many  of  the  diseases  of  Uie  akin,  and  of  all  the  knonvn  methods  of 
relieving  and  curing  jmin,  cleclricily  is  one  of  the  uiost  satisfactory.  If 
the  a|)])licaiion  of  the  galvanic  orfaradic  current  niay  bring  relief  in  head- 
ache, in  spinal  irritation,  in  the  various  forms  of  neuralgia,  in  ilieu- 
inati&ni  and  tn  sjirains,  why  should  it  not  affortl  similar  relief  in  the  tor 
mcnting  agonies  of  psotiaais.  ecxema,  and  prurigo  7 

2.  Ulcers,  sinuses,  and  bed-sores  have  long  been  treated  by  the  gal- 
vanic and  faradic  currents,  with  gratiij-ing  success  ;  and  It  woiild  be  nat- 
ural to  siL|>pO!>c  that  the  ulcerous  conditions  of  some  of  tbe  diseases  of 
the  skin  might  similarly  be  benefited. 

3.  Tuniurs  and  morbid  gruwllis  of  various  kinds  are  discussed  by  tlie 
electric  currents,  and  especially  by  the  galvanic  curieni,  and  it  would  be 
reasonable  to  infer  that  cutaneous  indurations  aikI  hypertrophies  nilghi 
be  discussed  or  diminished  in  a  similar  manner. 

4.  Those  who  hold  the  theory'  that  some  of  the  diseases  of  the  skin 
are  of  a  uurvous  origin,  or  are  in  some  way  intimately  dependent  on  (he 
brain,  spinal  cord,  or  sympathetic,  would  find  still  another  tlieoretical 
argument  in  favor  of  introducing  electricity  into  dermatology,  since 
nervu  js  diseases  have  long  been  regarded  as  /ter  rxfe/Unu  the  dd&eases 
most  aiucnable  to  electrical  treatment. 

llie  electro-therapeutics  of  diseases  of  the  skin  belongs  both  to  m.'^' 
tgl  and  surgical  electricity.  The  tendency  in  recent  limes  has  been 
to  transfer  dermatology  froua  surgery  to  medicine,  and  at  present  man) 
of  oiir  most  eminent  dermatologists  are  physicians  more  dian  surgeons. 
Tliis  tendency  is  further  strengthened  by  the  nioJem  Wcws  of  the  pathol- 
ogy of  cutaneous  disorders,  particularly  in  regard  to  their  relation  to  the 
nervous  system.     The  purely  local  treatment  of  diseases  of  the  skin  by 
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electricity  trjgh!  be  regarded  as  belonging  to  electro  Rurger)*,  while  their 
general  and  central  treatment  certainly  belongs  (o  electro  me<licinc. 

Current  Employed. — While  both  currents — the  faradic  and  galvanic 
— have  proved  useful  in  the  treatment  of  diseases  of  the  skin,  the 
galvanic  appears  to  act  more  efficiently  and  to  fulfil  a  larger  variety 
ot  indications  than  the  faradic.  The  reason  of  tl^is  will  be  suffi 
ctcnlly  clear  to  those  who  understand  the  general  differential  indira- 
lions  for  the  use  of  the  two  currents.  The  peculiar  electrolytic 
action  of  the  galvanic  current,  which  the  faradic  current  possesses  to 
but  a  feeble  degree,  is  indicated  in  diseases  of  the  skin  for  the  same 
reason  that  it  is  indicated  in  the  discussion  of  tumors.  For  the  relief 
of  the  symptoms  of  itching  and  pain,  the  faradic  current  is  frequently 
sufHcient,  es[)ecially  in  prurigo:  its  efTecLs  are  aUn  curative,  but  to  a 
less  d<^ec  than  the  galvanic  current.  The  galvanic  current  also  acts 
more  powerfully  on  the  central  nervous  system  (see  Chapter  IV.). 

Methods  of  A fflicotion. — Diseases  of  ihe  skin  may  be  treated  elec- 
trically in  two  ways — by  apphcattons  to  the  diseased  surface,  and  by 
central  galvanization.  In  the  first  method  the  disease  is  affected  direct- 
ly ;  in  the  second  method  it  is  affected  indirectly  through  the  nervous 
system. 

Applieathn  tc  the  Diseased  Sur/ace.^Our  usual  method  of  galvanit- 
ing  the  affected  part  is  to  place  an  adjustable  electrwle  of  from  two  10 
four  inches  in  diameter  over  die  point  where  the  principal  nerve  that 
supplies  the  part  is  most  superficial, — as  the  popliteal  space,  the  ante- 
rior crural  region,  the  border  of  the  flexors  of  the  arm,  etc.,  while  the 
negative  is  applied  to  tlie  disease*!  surface  by  any  convenient  clectiode 
with  a  broad  surface.  This  is  the  method  that  we  usually  adopt  in  the 
treatment  of  ulcers.  We  are  not  able  to  say  how  much  advantage 
there  may  be  in  applying  one  of  the  electrodes  over  the  nerve.  We 
suspect  Uiat  it  may  be  of  service  in  improving  the  nutrition  of  the  pari 
that  it  supplies ;  it  certainty  cannot  do  harm  tn  that  position  unless  the 
stance  is  very  much  protracted.  One  electrode  may  be  placed  on  some 
indifferent  point,  as  the  feet,  or  the  hands,  or  on  the  thigh,  where  cur- 
rents are  borne  well  and  can  do  no  harm,  however  long  they  maj'  be 
k''pt  there.  The  electrode  is  sometimes  kept  firmly  planted  on  tie 
skin  (stable),  and  sometimes  is  slowly  glided  from  one  pan  to  another 
(labile).  When  the  part  k  much  abraded  only  mild  currents  will  be 
borne,  while  in  the  immediate  neighborhood  a  very  strong  current  may 
□ot  be  felt  at  all.  It  therefore  becomes  necessary  to  modify  the  cur- 
rent continually  according  to  the  sensations  of  the  patient,  so  that  ih« 
trcjtmcnt  tn.iy  never  be  ejccessivcly  painful.     There  is  yet  pn  evidence 
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that  very  severe  a.ppItcatioiis  have  any  adN-antage  over  mDd  applic* 
lions.  The  jiain  of  the  galvanic  current  increases  with  the  length  of 
time  that  the  electrode  is  kept  in  a  fixed  position  without  breaking  tbe 
current ;  for  this  reason  it  is  necessary,  when  strong  cnirents  are  used, 
to  shift  the  position  of  the  electrode  every  minute  or  so,  or  as  often  as 
the  patient  complains  of  severe  pain.  Wc  are  not  able  to  say  whether 
the  best  results  are  obtained  by  stable  or  by  labile  applications,  llie 
dectrol)-tic  action  of  the  galvanic  current  is  most  decided  when  thoc 
is  little  or  no  tntcrniplioii  to  the  current.  When  the  faradic  Current  is 
use4  we  generally  make  labile  applications. 

Both  electro<1es  may  be  applied  on  the  diseased  surfiuie.  The  ad- 
vantage of  this  method  is  that  it  economizes  time  and  labor  where 
there  are  numerous  and  large  patches  that  need  to  be  treated.  Al. 
though  (he  electrolytic  action  of  the  negative  pole  is  greater  than  that 
of  the  positive,  yet  both  act  electrolytically,  as  all  physicians  know, 
and  both  act  ctirativcly  as  experience  shows. 

M'hcn  the  body  is  covered  pretty  generally  by  disease,  we  sometimes 
put  an  electrode  on  each  limb,  thus  allowing  the  current  to  run  through 
the  body. 

Local  Fatadizntian  Generalized. — We  have  recently  applied  this 
term  to  a  method  of  using  electricity  which  combines  the  advantages 
of  localized  and  general  faraclization.  Although  we  first  used  it  in 
diseases  of  the  skin,  it  may  be  employed  to  meet  the  same  indications 
as  general  faradization  \  but  since  it  requires  absolute  or  approximative 
tfripplng  on  the  part  of  the  patient,  it  would  be  called  for  only  in  a 
funited  cfass  of  affections. 

In  this  method  the  operator  lakes  hold  of  both  the  electrodes,  by 
iheir  insulated  handles,  and  passes  them,  within  a  few  inches  of  each 
otlicr,  over  all  the  diseased  surface  of  tlic  body.  The  electrodes  nuy 
be  kept  stationary  over  spots  where  the  disease  is  especially  prorai. 
nenl.  The  nielhod  may  be  modified  in  various  ways.  One  electrode 
may  be  kept  fixed  on  sonic  particularly  bad  spot,  iriiile  the  otlier  is 
glided  up  and  down  the  surface  adjacent,  or  both  electrodes  may  be 
kept^xed  a  part  of  the  time.  An  advantage  of  this  method,  which 
may  be  employed  with  either  current,  is  diat  it  economizes  time  and 
labor,  a  very  important  consideration  in  cases  where  a  large  portion  of 
the  surface  of  the  body  is  diseased. 

This  ntethod  is  especially  indicated  in  cases  where  nearly  the  en 
tire  surface  of  the  body  is  affected  by  disease,  as  in  general  prurigo  ami 
psoriasis.     Either  current  may  be  used  in  this  way. 

General  Faradisation. — ^TUls  method  of  using  electrici^  is  usually 
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not  indicated  in  diseases  of  the  skin,  and  for  the  reasons  atre^y  given. 
For  those  cases  that  arc  associaied  with  general  debility  as  a  result  01 
cause  of  the  disease  of  iho  skin,  it  may  be  employed  with  advantage, 
one  pole  may  be  applied  at  the  coccyx  by  an  adjustable  electrode,  or 
al  the  feet  by  a  co;}[>er  or  tin  plate,  while  tlie  other  is  pa-ised  over  the 
surface  of  Ilie  body. 

EUctrU  Brush. — When  the  skin  is  not  itching  or  anaesthetic  the 
electric  brush  is  very  painful,  and  is  thereforo  to  be  recommended 
chiefly  for  cases  where  there  is  very  great  irritation,  or  itching  and 
anaisthesia.  We  have  freijuently  found  it  more  elhcacioiis  than  the 
ordmary  sjMnge  electrode.  In  some  conditions  of  eczema  an  applica' 
tioD,  which  in  health  would  be  unendurable,  is  posidvely  agreeable, 
rhe  distinctively  surgical  methods  of  treating  certain  diseases  of  the 
skin  by  electrolysis  and  galvano-cautery  will  be  described  la  Electro- 
Surge  t)-. 

Central  Cahianizalion. — This  im[iortant  metliod  of  using  electricity 
we  have  recently  proved  to  be  of  great  service  in  the  treatment  of 
certain  diseases  of  the  skin,  especially  of  chronic  eczema  and  prurigo. 
Under  this  method  of  trealincnt  alone,  wilhetii  maiinj*  any  applicathn 
whatcj-er  to  the  diseased  sur/aee,  the  itching  and  burning  of  these 
diseases  are  relieved  sometimes  immediately,  and  under  a  protracted 
treatment  permanent  cures  arc  obtained,  The  results  obtained  by  this 
method  are  of  the  highest  posable  interest  in  a  pathological  point  of 
view,  as  showing  a  kind  of  dependence  of  chronic  cczciia  on  the  ner\'Ous 
system  that  had  not  before  been  suspected. 

Diseases  of  the  Skin  for  which  Electrical  Treatment  is  Indicated. 
— Under  this  head  we  sum  up  the  results  of  electrical  experience  up  to 
the  dale  of  publication. 

Ectema. — ^This  disease  we  place  at  the  head  of  the  list,  for  the  rea- 
son thai  we  have  found  more  rapid,  brilliant,  and  uniform  results  from 
electrical  treatment  in  this  than  in  any  other  disease  of  the  skin.  We 
have  treated  the  chronic  forms  in  tlifferent  parts  of  the  body,  and  in 
nearly  all  cases  thus  far  with  immetliale  relief  of  the  distressing  pain, 
and  ultimate  cure  after  a  course  of  treatment  Wc  have  used  for  this 
affection,  almost  exclusively,  the  galvanic  current,  either  locally  or 
centrally.  Patients  have  come  into  the  Dispensary  declaring  that  the 
distress  is  so  great  that  they  wimUl  be  glad  to  have  the  suffering  part 
amputated,  and  after  an  application  of  from  five  to  fifteen  minutes  have 
gone  out  entirely  relieved.  This  relief  lasts  for  several  hours,  some- 
times for  daySf  and  the  pain  grows  less  and  less  until  the  cure  is  accuni' 
I'libhed. 
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It  U  in  (his  disease  especially  that  central  galvanization  alcne,  witlionf 
making  any  application  whatever  to  tlie  diseased  part,  has  accomplished 
«))ch  striking  results. 

'Hie  following  case  illustrates  the  poirer  of  central  galvanization  in  a 

•nost  stiiking  manner : — 

SfVtre  and ohttinatt  ehr^nit  ttttma  of  leg,  figHtytarj'  tianJing — ImiolerahU  ttehimg 
— Failure  tf  variwJ  remtJits — Rapid  relit/  and  permantni  turt  under  rtnlra. 

gaivamtaliam. 

ilM^v.  XCV. — Mn.  S.  M.,  an  Iriili  tcrvanl-girl.  ageil  51.  wai  ttdinliled  to  iht 
1.nng  Island  College  Hospital,  Fetiniary  14,  1S73,  vtth  cliroric  nrtema  of  il>e  left  Icf 
fttiout  tlie  aitVEe,  and  extcndmg  one-thiiil  of  ilie  distance  (o  lh«  kn«e.  The  Itching 
snd  i^'m  were  iniolcrftble,  ui<l  there  was  much  sofmcss.  The  patient  wu  fai  Mhcr 
rnpeclft  t.trung  and  w<)l,  hut  had  tulTer«l  Irom  llits  afTvclion  t>y  intervals  for  t't^ 
1**1%.  Four  ycajs  licforc  &tie  l)ad  been  under  treatment  at  the  Citj'  Hospital,  and 
liad  t>ee!i  dischargcl  apparently  cured,  bnt  rclap«e<l. 

The  case  was  irc»lc<]  hy  iotli>rarin,  an«ntc,  bicartranale  of  soda,  rhub«rb,  carlMUtc 
of  III1L-.  glycerine,  o«Mivcr  oil,  iodWe  of  polassiam,  ditlcamara,  aeclfltc  of  leail, 
vine  of  cok)iimin,  and  acetate  of  potash.  The^  remedies  were  vanouO}'  u«ed  \m 
varioiM  modifirAiion^.  exemnlly  and  Internally.  From  some  of  these  accnts  tlw 
patient  ilettvcd  tcmiiorary  relief  o(  tlie  itcliin;'  and  lotenca ;  but  the  average  and 
oliiniate  efffct  wa.%  thai  on  April  1st  llie  fallouring  record  of  the  cose  WU  nuda  la 
llie  hofpital  Iwok :  "  Very  painful,  red  ar^  anj^rj-,  rapidly  extending,  and  now  cover* 
ing  nearly  the  whole  leg  below  the  knee,  and  moM  of  the  dorsal  atpect  of  the  foot." 

Anentc  and  tiiKiurc  of  cindion,  comp.  were  novr  ordered,  but  April  15th,  the 
record  wa«  :  "Very  much  the  same."  At  thi«  lime,  Dr,  Dnvb  Kicg«sted  t*<alitt4 
/Kradit,-liof.  Thii  tuggeitivn  wa*  acted  on  with  gratifying  result ;  Ibe  Intrnw  db- 
lres&  wai  at  onrc  in  a  measiite  relieved. 

April  l6(b,  the  patient  wai  mote  comfort. -1  Me  than  for  a  long  time  previous. 

April  Zjd,  very  mitcli  triijirureil  ami  coiii|ittra(ively  cnmfonahle. 

At  this  time  Prof.  A.  B.  Crosby,  the  surgeon  in  charge  of  the  wan),  raiuesed  • 
lotee  the  patient,  ).iailiig  llial  she  h^id  been  ^-ery  obstinate  under  ilie  variims  remofiei 
(hat  he  had  tried.  The  patient  was  suffering  greatly  from  the  teveie  itching  and 
Imtnlng,  and  the  wirenea  was  so  great  that  only  with  difltculiy  could  she  hobble 
(tbout  the  want.  The  appear.incc  of  the  disease)  port  was  red  and  angry,  and  aome 
pcnioiis  were  mure  m  less  covered  by  scaler 

We  4?ec!iled  to  try  on  the  patient  the  efTecl  of  eetilral  gatvanitatitnt,  maiing  m 
,^fpJieativn^»halevertolkediteasfdparl,  We  were  Induced  to  make  this  trltl  M 
the  iircngth  of  )>uccc»es  in  i^thcr  and  milder  ca^e9  of  caluieou«  diseases.  Our  riifer 
hope  WB-S  perlups  lo  relieve  the  itching  and  pain;  a  permanent  cure  we  had  00 
rcAMMi  to  aniiiripnic.  As  the  patient  was  a  good  and  willing  nbject  oo  which  to 
Jemonslmle  eWtricat  api^licalions,  the  was  taken  Iwfure  the  daac  of  the  LcMtg  Island 
College  Hospital,  and  treated  by  central  galvanisation,  the  statement  t>cing  maite^ 
tluU  w  e  did  not  hope  thereby  to  eur^  but  simply  to  illustrate  the  method  of  udni 
elect  ridty. 

Tlie  ilctaiti  of  the  applications  were  entrusted  entirely  to  Dr.  Edwin  E.  Srilh 
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bonw-mtrseon.  who  ca/ried  ont  the  tTe&tment  with  great  faithrutnesy  and  (o  wboir 
ire  are  UidcblrH  for  the  full  history  of  the  caw  aa  here  prcMulod, 

The  relief  of  the  itching  and  pain  wai  very  lapid,  although  011  the  X5lh  Dr  Smith 
m^le  the  fo'lowing  record:  "A  littU  more  Uritalile,"  Thta  recall  wu  iwbablj 
due  to  (nrr-iiraimcni,  tou  Uroiig  cnneiiix,  or  luo  prolongeil  applications. 

/*/r-7-KVi— Patient  "  much  beller," 

Afay  tolA. — "  SltU  iceadily  imptraviiig."  The  appearance  of  the  leg  wss  now  mueb 
eli(uij;cd  for  ihe  better.     The  mou  ohwinatc  portion  was  the  region  about  the  SDkle, 

The  a|rptlcaiion>  were  now  made  four  aiid  hve  times  a  week  with  a  i2'CcU  sinc- 
rnrlwn  battery  of  Kiilder  for  about  len  minutei  at  a  i.'aMff. 

May  35/4. — A  lotion  of  acetate  of  lend  wash  waa  ordered  bjr  Or.  Crosfajr,  lo  coa- 
tract  the  enlarged  capiHaHo. 

Junt  yh  — *■  Patient  is  waJkiiig  about  out-doan  wllb  cara^MmtlYc  ease,  and  is 
nearly  well." 

We  agnin  pre&entcd  the  cue  before  the  claia  oT  the  Colle(^  demonstrated  ou  her 
our  methotl  nf  centrat  gnlvnniuition,  and  pointed  nut  the  exiraonlinary  aiul  unloohed* 
for  improvement.  The  skin  oE  the  wKolc  teg,  cxcqil  aruiuLd  the  luikle,  wa«  well,  and 
the  [Mlient  for  a  lo^g  time  lud  been  entirely  free  ffuin  itching  and  pain. 

Junt  15/4. — Tlie,patient  was  "iji*diaigcd  cuxcJ." 

yati.  ty4,  1875. — Dr.  Smtih  informi  us  that  there  has  been  "  no  recnrrence  of 
the  difficulty."  Several  month*  afler  the  patient  left  the  hoapitaJ  we  heard  that  ilie 
wat  Mill  welt 

The  above  case,  taking  all  the  facts  into  consideration,  its  long 
standing,  its  inveteracy  under  manifold  treatiikent,  and  the  imniediatc 
and  rapid  relief  and  ciirc  under  central  galvanisation,  is  certainly  most 
extraordinary,  and  it  will  not  subtract  frotn  the  in  struct!  ven  ess  and 
brilliaiicy  of  the  result,  if  in  future  years  a  freili  attack  of  the  disease 
should  occur.  Although  the  case  was  not,  so  far  as  wc  know,  studied 
by  any  recognized  specialist  in  dermatology,  yet  among  the  very  many 
surgeons  and  (jhysicians  who  watched  its  progress  before  and  during 
the  electrical  trealiiient,  tliere  was,  we  believe^  no  difference  of  opinion 
in  regani  lo  the  diagnosis  ^nd  there  was  no  question  that  the  cure  was 
wrought  entirely  by  tentrai  galvamxaiion,  acting  upon  the  central 
uen-ous  systttrif  and  thus  iimiroving  the  peripheral  nutrition.  This 
»cry  remarkable  experience,  which  to  some  has  seemed  incredible,  we 
have  recently  confinned  in  a  similar  case  of  chronic  eczema  of  the 
legs  of  sixteen  months'  standing.  The  relief  of  the  itching  by  cen- 
tral galvaniiation  alone  was  immediate,  and  after  a  few  applicaiioQ 
the  disease  began  to  improve  in  appearance,  and  in  six  weeks  there 
was  afproximate  recovery.  At  the  date  of  writing  the  patient  is 
entirely  well.  Wlicn  tlie  patit:r.:  was  about  half  cured  he  was  seen  by 
Pr.  I,.  U.  Uulklcy.  l>r.  Kinsman,  of  Columbus,  Ohio,  writes  to  us  tiial 
be  has  successfully  treated,  by  central  gatvaniration,  a  severe  c^m  ^A 
impetiginous  eczema  of  twenty  years'  standing. 
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Cirvmie  tntiiia  sf  tkt  legs  and  /eft,  otte  ytar'$  tUuiJin^ — Rtlitf  of  fun  and  itthing, 
under  lixaiiuJ /iradttatiou  and  galvaittxal%aH. 

Cask  XCVl.  —  Michael  P.,  t^gA  64,  had  »aB<red  for  twelre  ntontlrt  front  chronk 

eacinit  of  I  lie  Ice*  ^'^'l  f^i,  attitrnpanirf  witli  f«rih!f  iicliingaiv^  burning  lenuilonv. 
Hie  affected  partft  were  Imt  little  soikltlve  10  itie  electric  current,  either  gnlvante  of 
foradic.  Loollic-1  galvnniutton  and  faradintion  were  employed,  and  Mme  of  the 
lime  Ihe  elecliic  hcu^Ji  uith  a  &[roii£  ciuicni  wa&  aol  only  well  borne,  bui  wat  inoa 
gra(«ru]  10  the  paiient.  The  applicniions  were  made  from  live  ta  iwcnty  minuteSi 
in  all  caset  thert  vrat  relit/  i'/  the  Jiilrtstinj;  pain.  Symptoms  of  Tcliel  tic)^  lo 
appcAT  soon  after  llie  betpniiing  of  the  /  awf,  Euid  at  Ihe  close  was  soinetunes  aback- 
lute.     This  relief  lasted  at  fini  frooi  two  la  twelve  boun. 

Tlie  patient  continued  ireaimeni  for  three  weeks — in  all  ax  applicalioni  were  nade. 
The  iulervaU  of  relief  were  senubly  lengthened,  aod  ibe  palienl  abaaduncd  treat- 
ment. Wilh  the  relief  in  the  itching  and  pain  there  was  correspoodtoc  relief  ui  the 
ajipearance  vf  the  diseased  paits.  We  hare  00  reason  to  bcllcre  that  tbe  patient 
was  perntaiientljr  cured. 

Eatma  0/  i/tr  iialp  o/  ikrtt  msHtM  duratiait  in  a  gtntUman  tfv*nfy-fiv€  yeart  of 
aft-'-Kt<OVtry  in  tvti>  itt.^Htht  tinder  ht«l galKtHittUie-i*  and  gtn/raJ /aradtMtl**, 

Case  XCVIi. — Mt.  f-,  agwl  75,  wasaifrctcd  with  eczema  ollbcKalii.  Theenii>- 
lloiuextcndcd  ovenhc  entireinrt iun  of  chchcad  covered  by  the  hair,  nnd  li:id  pei^bted, 
lo  Ipite  of  man)'  cxteniaj  applications,  lor  iiearljr  three  mootha.  The  discated  part  vaa 
covered  with  thick  Kab*  which  tended  lo  coalesce  and  cover  as  \fjf  one  huge  mm  the 
entire  surface.  The  scalp  was  cjnite  irritable,  and  nt  night  especialljr  the  julient  was 
annoyed  \ty  an  Urc»islible  desire  to  tcratcli.  The  1)awd»  weie  decidedly  coosttpnted^ 
and  the  general  health,  although  usually  good,  was  at  ttui  time  considerahl/  below  |«f. 
The  patient  sutiniitted  lo  treatment  by  both  lucaliicd  galraiiiintiun  and  general  Lira* 
dization.  The  first  application  of  the  former  method  resulted  in  a  decided  tclief  lo 
the  constant  itching. 

After  two  weelcs^  trial  of  both  mellu>ds,  some  of  Ibe  scabs  be^an  to  dry  up  and  pea* 
ofl^  ci^iistipatiuu  was  very  much  relieved,  and  the  general  health  fud  improved  in 
marked  degree. 

This  impTovcmeiil  slowly  Kent  un,  until  in  two  months  from  lite  beginning  ol 
treatment  the  Kalp  was  qnitc  free  from  dlscftsc. 

Prurigo, — If  electricity  could  do  nothing  more  than  relieve  the  Jlch- 
ing  of  prurigo,  it  would  be  entitled  to  an  honorable  [ilace  in  the  anua- 
mcntarium  of  tlic  derntatologisL  Dry  Caratlizatton  alone  may  bring  re- 
lief in  a  very  few  minutes,  and,  when  pcrseveringly  used,  may  cure. 
We  have  seen  imnictliatc  relief  follow  general  faraUiration  used  in  lUe 
ordinary  method  with  wet  iponges.  In  tills  disease  also  centra.*,  gal- 
vanisation alone  has  in  our  hands  been  very  effective. 

GtHtral  fmrigt,  si*  year/  standing— fnttmr  ilehing— Approximate  tmrt  a/tm 
//Utn  I  anca  0/  etnlral  galvamtati^n. 
Cass    XCVII  I. — W.  R.,9  years  of  age,  came  into  the  Electro- TherajicDi  icaj  I> 
pariment  vf  DcmUt  UU^n^orj,  Kv^  vv,  v^iv     A.tlbe  age  of  three  the  patieni  batf 
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•carlel  fever;  this  was  foDowed  by  general  prurigo  thai  had  never  hetn  relicred. 
The  disease  ;9Tered  ttie  bact:,  atxtomciii  and  legs.  The  itching  was  mott  serae. 
Sleep  at  nig1i[  hwl  Tor  years  l>eeii  [ntcmiptecl  tiy  this  dittrcm,  and  marks  of  icratch' 
lag  nere  everywhere  seen.     The  diMase  wan  at  Us  wont  on  the  back. 

Acting  on  the  llieory  that  llie  iliMcate  was  of  a  nervDui  duracler,  Or.  Wuodnifl 
'vferreU  ihc  caic  to  llic  Elect ro-Th era jxnitical  De^arimait,  when  treatment  l>y  oen* 
trol  galvanlsatiuii  via*  be);an  and  continued  fur  Iwu  niunths.  Tovrards  the  cloie  of 
the  treatment.  June  i,  Uitle  remains  of  the  eruption  were  Ken  excepting  03  thff 
back,  and  there  was  very  Ulde  icdilug. 

yutf  15.— The  puieat  ibandoned  ireiltnent :  the  recovery  appeared  to  be  ntl»> 
factory.     We  liave  no  funher  lnicUi|,-ence  of  tlie  caiw. 

Dr.  Sterling  gives  us  the  following  case,  the  diagnosis  of  which  was 
not  ftilly  clear  to  him  : — 

GeHtral  trit^un  viitk  burning  teutatun  0/   httg  ttatidiitg — S^tnt  impr^vtrntfrnt 

under  Lifaliud  gah'umuitign,  and  galt/aititatun  0/  the  eervkal  tympathetie— 

Attuh  grtater  impreitttttnt  undo'  ceiUrai  galvaHtuUtfftt. 

Ca-''E  XCIX, — Mr.  CJ.,  at  the  a^c  <>f  twelv*.  waj  attacked  with  an  eroptionall 
nver  the  l»ody,  afii;r  sea-Knthing.  Ticalment  cured  ihc  eruption,  but  a  bumiDg, 
■matt'ui^  seii&aljun  wa.sleft  ID  the  face,  iliac  always  wa.'S  increa^fcd  on  any  cacitcmenL 
l^rinking  a  cup  uf  tea  or  cofTfe,  or  cnccrbig  a  heated  room,  would  bring  on  biirmnf 
ajiJ  sniartbig  ta  (he  face,  wiili  very  decided  puffiness.  Arsenic  and  various  olhet 
remedies  hod  been  used  faithfully. 

May  I,  1S71. — Ticatmeat  by  galvaniution  of  the  syinpathclic  and  localized  gal- 
vanisation was  bei:un,  and  the  result  was  satbbctory;  but  Telai>w  occurrad,  and 
■ome  monlhs  subsequently  he  was  treated  by  central  goIvanLxation  alone,  with  very 
prat  improvement.  Ha  Etill  sufTcn  from  slight  relapses  that  are  always  bencAled  by 
ele«tiical  treatment. 

Lu/ien.^Wi  have  had  no  opportunity  to  treat  a  marked  case  of 
lichen  ;  but  there  is  every  probability  that  electricity  would  acc«m|>lish 
as  much  in  this  affection  aa  in  the  other  sytuptom&  of  the  so-called 
dartroti^  diathesis. 

Ana${hesia. — For  the  curable  cases  of  cutaneous  anBcsthesia,  faradi- 
zation is  a  specific,  if  any  rcnietly  can  be  said  to  be  a  specific  for  any- 
thing. Even  cases  that  depend  on  incurable  central  lesion  may  im- 
prove very  decidedly  under  treatment.  In  cases  of  paralyais  of  motion 
and  sei'saiioii,  the  sensation  may  be  partially  or  completely  restored 
under  electrical  treatment,  even  when  the  loss  of  motion  remains  un- 
changed. 

.\n:esthesi.i  is  a  condition  for  which  the  electric  brush  is  particulaily 
indicated  (see  ctiaptei  on  Anxsthcsia). 

Acne. —  If  we  were  n>  judge  from  our  own  limited  experience  in  the 
beatment  of  acne,  we  could  nol:  speak  very  encouragingly. 

Out  assistant.  Dr.  J.  H.  Sterling,  infoniis  us  that  oi^e  ^^as  ^-jji  ^  taat 
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of  bercditai)-  acne  mdurata  of  the  face  and  back,  under  his  care,  wu 
treated  by  eighteen  applications  of  centnil  galvanization,  mithoiit  an* 
other  trcatnicDl,  and  ihc  disease  disappeared,  lite  constipation  and 
lieadaclie,  wliich  had  been  very  distressing,  were  also  relieved.  Up  to 
date  (J"b'*  'S73)  the  iwtient  was  well. 

Acne  Rosacea, — \S^eiher  acne  rosacea  is  diflferent,  pathologically, 
from  ordinary  acne  or  not,  it  certainly  yields  better  to  electrical  ireat- 
iiicnL  On  the  theory  that  the  disease  may  depend  in  some  way  on 
the  digettiive  organs,  central  galvanization  may  be  tried  in  connection 
with  local  treatiuenL 

Am*  rataeea  t/  Umg  $Janitin;( — JmmiJiaie  imfravemfnr  midrr  laeaihed  gatbtmh^ 

li<>»  xoilh  tfiangn  and  mttaUic  eltitrvJti, 

Cask  C. — A  medical  eenttemir,  aged  about  Atty,  In  April,  iSja,  rcqaraied  bi 
to  treat  him  for  acne  lOKicea  ttut  bad  Tor  latnc  time  catiied  htm  asMojvact.  The 
blood-reecU  were  conkUIcrably  eiilniged  on  both  sidci  of  the  nose,  the  color  wu  • 
decided  red,  xod  itKre  wu  th«  luual  thickening.  The  h«tUth  of  tb«  patleM  «r«s  is 
other  re>]Mcts  prelty  good,  excef^ting  BtUuks  of  indigestion  wtib  acidity. 

We  began  treatineiil  with  Luoditcd  ^vaniutton — with  wet  cloths  ui<l  Epottge, 
tomeiuno  u>in^  a  metal  electrude,  with  a  durp  ed^^e.  When  lite  mctil  electrode — 
connected  with  the  tugahve  pole— was  uieil,  the  dilated  cni'lllarics  were  elecUulyMd 
under  lli«  negative  pole,  and  gaMx  euapcd  with  a  sound  tliat  couU  Ijc  easily  beard. 
There  was  a  tendency  to  reappearance  of  the  dilated  vcMcli,  but  af^er  a  (cw  weeks' 
IrealncDt  tliey  were  calirclj  deJroycd,  leaving  no  wax  or  trace,  aikI  the  color  of  tlie 
ROM  on  both  tides  had  dhappcared.  There  appeared  to  be  alio  a  duainnlton  of  the 
hypertrophied  tthsaci. 

There  has  been,  Rnce  that  time,  some  reinra  of  (he  afleclion,  but  be  it  very  macb 
better  than  formerly.  The  hatnls  of  the  patient  were  atms  taiemperaEc,  but  lie  had 
always  been  aceastomed  to  use  more  or  lesa  alcoholic  liquorv 

We  have  since  treated  several  cases  of  acne  rosacea  by  the  same 
method,  and  with  results  which,  for  the  time,  are  most  satisfactory. 
This  case  has  been  attended  with  itching  that  has  been  relieved,  and 
the  appearance  of  rtie  nose  has  very  mpidly  improved. 

Psoriasis,  and  Pityrtasis,  in  their  relation  to  electro-therapcutica, 
inay  be  divided  into  three  classes  :  (i)  Those  cases  that  are  beneficed 
up  to  a  certain  point.  (2)  Those  cases  that  receive  but  little,  if  any, 
bcncliL  Judging  from  our  owm  observations,  we  should  say  that  the 
Utter  class  (those  who  do  not  yield  at  all)  are  in  tlie  minority.  Some 
cases  progress  very  slowly,  and  need  months  of  treatment.  The  negative 
pole  of  the  galvanic  current  seems  lobe  more  efficacious  in  this  dis 
ease  than  any  other  method.  Kor  the  sake  of  economizing  time,  how- 
ever, we  frequently  use  both  |>oles,  with  broad  electrodes. 

The  results  have   not  been  ver)-  satisfactory.     Even  wlien   decided 
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iroprovement  takes  place  under  long  treatment,  relapses  taz.y  occur, 
and  the  cure  has  never  in  our  hands  been  complete. 

Herpes — Herpes  Zoster — Herpes  Frontalis  seu  Ophthalmicus. — 
Her)res  if  not  ttie  most  ))ersistent,  is,  without  doubt,  attended  by  the 
most  excruciating  pain  of  the  various  neuroses  of  the  skin.  Whether 
its  scat  be  the  head,  the  tnmk,  or  the  extremities,  the  associated  pangs 
are  someiinies  almost  beyond  human  endurance. 

Herpes  is  now  generally  regarded  as  subordinate  to  the  existence  o( 
a  neuralgic  or  rheumatic  diathesis,  and  as  originating  in  any  cause 
which  weakens  the  vigor  of  a  ncr%'c-trunk  or  its  cutaneous  branches : 
hence  it  would  not  be  unreasonable  ta  supjiosc  that  electricity  in  some 
one  of  its  forms  might  prove  of  service. 

The  teachings  of  experience  clearly  attest  its  value  in  this  complainL 
The  disease,  it  is  true,  runs  an  acute  course,  and,  as  a  rule,  recovery 
more  or  less  couiplete  follows  in  the  course  of  a  few  weeks,  but  it  ii 
none  the  less  incumbent  to  relieve,  so  far  as  possible,  the  acute  suffer- 
ings that  attend  it. 

The  first  two  cases  which  we  briefly  record  occurred  in  that  paJ«  of 
the  body — viz.,  the  trunk — which  is  said  to  be  the  most  frequent  seat 
of  the  disease.  The  sueciccding  three  a^  Herpes  frontalis  seu  ophthal- 
micus arc  of  somewhat  greater  mtcrcst,  because  of  Uie  com]>arative  in- 
frequency  with  which  such  cases  are  met,  and  of  their  great  importance 
to  ophthalmologists. 

Herfet  tharatUalis —  Treatment  hy  the  paradie  eMrrent. 

Cask  Cl.^Janc  A.,  :l  dupciuary  paciciit,  aged  &c>*ca  ycus  iiix  mmitlib,  Lia<.l  nuf- 
fere>]  fnr  several  w»k«  Troin  febrile  lymptoms  and  uiorekJA,  and  finall)-  &n  ficrpettc 
eruption  appcarctl  on  lhcchc«I  and  rl^ht  nide.  The  eruption  incrca>cil  nnd  rapiilly 
exteiuled,  until  chc  thorax  wa«  ncnrly  eiKircled.  The  potii  from  which  the  chiM  wITered 
wuveiy  »evcrc,  and  for  forty -dtjlil  iwuts  it  liaJ  been  conluiuuut.  Wc  cmpluyttl  fara- 
diMtloii  (tiildly),  and  were  rewarded  by  an  InimetEiate  relief  of  tlie  nr;ura1^vc  [uin<^ 

Four  ilmitar  applicaiions  were  Mib3e<iiiciitly  given,— ^ne  on  encli  ahcma(«  day; 
hut  (hcTC  w-aKno  i^turn  uT  pain,  arid  within  tec  dayt  tlie  erupiiun,  urhldi  rewmblet* 
■horted  verities  ^*^  •)"■<«  dit.i|]pear«d. 

Hrtftt  saeraiii — Treatmenl  by  tkt  faradU  cMrrenl. 

Cask  CII.— We  were  calied,  Deccmlier  3,  1S7J,  m  icc  a  gcnileman,  aged  34, 
wlw  wa^  iiufTeriii]*  from  an  bcrpciic  eruptiua  over  the  region  »f  the  satrum.  I'lie 
vendcs  extended  from  the  hip  to  ihe  tctaiic  notch  on  the  right  ride,  and  covered  a 
oarrow  tract  nlon^;  the  outer  portiun  of  ihe  Uiigli,  with  dtuters  liere  aud  lliere  to  i)k 
extental  malleoias.  'I1ic  nccomjianylng  neuralgic  pain  was  quite  at  aevere  ai  in  tbe 
preceding  ca%,  and  simulaitcd  actual  scialica.  We  placed  the  fooL  uf  tbe  patient  oa 
a  GOppei  pUle,  to  which  lh<  negative  pole  wat  attichet^  and  with  a  mild  faradie  cur* 
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rent  brouglit  Uie  whole  hip  and  limb  under  the  dectrical  inllacxice.     The  eflect  wt 
most  craterul,  and  the  relief  affi^rded  immediate. 

The  same  melbod  vm  repeated  n  number  of  timet,  wid  althongh  the  pAllcnt  oca- 
Konally  experienced  twinges  of  pain,  they  were  of  little  K>-erily,  and  wiihin  a  week 
ceaMti  to  annoy  him. 

Of  fferpfs  /rontaiis  seu  ophthalmiau  we  have  treated  sEx  cases  by 
electricity,  and  always  mth  the  result  of  relieving  tlie  pain,  and  in  three 
cases  the  course  of  the  disease  even  was  apijarenily  modified. 

/Av/a  f rants/it — TrtatatfHt  >>>  tlu  gtUvaitu  tmrrtnt. 

Cask  CIII.— A  l*ty,  aged  alwut  fio,  and  sent  to  n*  by  Dc.  C.  R.  Apiew.  had  M^ 
fercii  long  and  severely  from  herpes  of  the  forclieoil  aud  face.  Acute  and  penialent 
neitnlgia  supervene^],  resisting  all  atteiopts  at  permaneitt  alleviotioa  The  galTuk 
Oinenl  wu  tucally  and  ccntiolly  applieJi  and  resulted,  in  a  few  M^ani:es,  in  ielievdi| 
in  a  good  mcaaure  the  neuralgic  jaJn*.  Ptori*  of  the  right  eyelid  tcnudned,  !«>*■• 
ever,  in  ipile  of  the  trcatmei]!  by  galvanixattuo.  Three  local  applications  of  the 
faradic  corrent  approximucly  reitored  the  to*l  muscular  potrer. 

fferffi /rtmtsih — AUtviaiitH  a/  fiain  fy  lAe  gahanU  turrent,  afttr  /aiiure  */  tkt 

/traJU  airrtnl. 

Cms  civ.— Mrs.  I.,  aged  39,  consulted  us  on  June  10,  1874,  and  gave  iIk  follow- 
ing tiistory  of  her  ca>e.  Two  wcekk  prinr  her  attention  was  called  to  a  ebuU  vesin- 
lar  eruption  an  the  left  forehead,  directly  over  the  cnurK  of  the  uipra-orbital  Dervt. 
Sintilar  eiiiiitlonii  quiukly  followed,  thickly  studding  tl>c  side  of  the  bead  and  Cioe, 
and  accompanied  itith  mtich  pain.  A  homoropalliic  physician  bad  had  tb«  caw  il 
charge,  and  Il-uI  svccee^fed  in  temporarily  relieving  the  neuralgia  only  by  the  ad- 
minislraiion  of  m<irpliine.  When  the  patient  fell  andet  oar  utMcrvalkm  she  was  suf- 
fering mure  lliaii  al  any  jurevious  lime,  and,  rather  because  of  convenience  than 
choice,  we  gently  applied  tlie  faradic  current  td  the  affected  and  uinoanding  patlk 
It  did  not  cause,  eilhei  during  the  applicatiun  or  iiuUi^fiucnlty,  any  special  modificaiiwi 
of  the  distress.  On  the  following  day  we  resorted,  m  we  should  hare  done  at  lint, 
lu  the  galvanic  current,  making  [be  apptlcationv  locally,  centrally,  and  in  lest  than  loi 
minutes  the  intent  agony  of  the  patient  was  almost  completely  relieved.  She  paaed 
a  very  quiet  uighc,  but  in  the  morning  complained  of  some  distrea  over  and  in 
the  right  eye  and  temple.  She  was  intmeiliaiely  relieved  by  a  second  applkmttocii 
*Aer  which  she  was  «uh}ccteil  to  treatment  several  times,  although  she  mffervJ 
but  little,  if  any,  and  rapidly  pragrcswd  towards  recovery. 

f/erfa  frvHtaiit— TreatmtHt  by  the  gahame  eurreHt-^lmmeJiaU  rtlit/ e/  faim— 
Tkt  e^nt  g/dtteaie  apfartntty  mcdifitd 

Case  C  V. — A  third  case  of  toiler  frnntaliii.  in  the  jieruni  of  n  female,  aged  alMtU 
J5,  fvtl  under  uur  ubservatloa  on  the  2d  of  /uiie,  1S74.  Tlie  lady,  who  wa^  a  patient 
of  Dr.  Oliver  White,  firs*  observed  a  slight  eruption  over  the  right  eye.  Thi-  rap- 
idly spread  m-er  the  whole  side  of  the  forehead,  and  the  an;;lc  of  the  mouth  wis 
involve'l.  The  associated  neuralgia  was  of  tlie  most  excruciating  and  intolenble 
claraclcr.  Dr.  L.  U.  Bulkley  wascalIedincon>uItatton,andadvtKd  tliccalvai^cin^ 
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not,  a  few  applicatians  of  which  rapitlly  and  efTeclnAlI/  relieved  the  psiicnt  nf  tU 
pain,  ind  greatly  hastened  recovei^  iifter  failure  of  ruioui  local  a[>iiUcaiion>.  Tlie 
treatment  wai  cnntintie<l  Tor  »ome  dme  sulHeiguently,  in  onler  to  make  tlie  Karriog 
as  ttight  u  poaible. 

It  will  be  observed  that  of  the  above  cases  the  first  U'o,  in  which 
the  enipiion  was  confined  lo  the  body,  were  relieved  by  llic  faiadic 
current ;  and  that  the  three  following  (heriies  frontalis)  yielded  to  the 
galviinic  current. 

From  those  and  other  cases  the  foUomng  conclusions  seem  to  us 
legitimate : — 

r.  That  (he  pain  of  herpes,  no  matter  where  the  seat  of  the  eniption 
may  be,  is  generally  suscepiiblc  of  speedy  and  eflTecttial  relief  by  the 
use  of  ihe  galvanic  or  faradic  current. 

a.  That  when  the  eruptions  take  place  on  the  head — hcrpa  frontalU 
— the  galvanic  current  has  greater  puwer  lo  relieve  the  jKiin  than  the 
faradic. 

3.  The  eleclric  treatment,  besides  relieving  the  pain  of  herpes, 
seems  to  shonen  somewhat  the  acute  stage,  to  break  the  force  of  the 
disease,  and  to  modify  the  scarring. 

Rin^orm. — Coniinon  ringwurtn  may  yield  to  the  galvanic  current 

Titua  eirtiHOtm  (ringiaartn)  cf  nwre  than  An>  ytar^  $laudiHg~~RftotMry  faUowt 
etu  afpli€atioH  a/  the  gahmnie  atrrtnt. 

CvsE  CVI. — A  luly  pdltenl,  aged  30,  called  om  ntlention,  casually,  Io«  common 
rin^orm,  circular  in  »lupe,  an  inch  aiid  n  half  in  diaineter,  and  sUuaieil  ai  about 
the  junciioti  of  the  ihouKier  and  neck.  Tlie  diwasc  made  its  appearance  more  than 
two  fCSTi  priiir  in  Ihe  ■Jinpe  of  n  ).lig!illy  elevntol  spot  which  grarlually  enlarged  to 
the  above•lum^J  sue.  The  part  had  be^n  Co  heal  in  the  centre  scvcfa,!  times,  and 
as  often  the  process  of  repair  «*ould  be  almo-t  complete,  when  the  discow  wouM  take 
a  stiJden  Maft  an'l  become  a»  marked  m  ever.  Finally,  however,  the  centre  of  the 
rniption  permanenlty  di^ppeared  nnd  left  a  circular  spot  of  dear  skin,  surrounded 
by  a  wide  erythematous  nng.  Thi<  condition  had  remained  stationary  (or  more  titan 
a  year.  We  applied  to  the  ilbeawJ  part  a  metallic  di<l(  sufficiently  larce  to  cover  jt 
coinplfiely,  anil  paued  for  a  few  miitntet  a  galvanic  current  of  slight  tetiMon,  l>ut  wf- 
Eicient  to  create  a  dKlitcd  buminj^  tcosation,  and  to  appreciably  alTecI  the  eruption. 
Thl«  was  the  only  application,  a*  immcliatcly  after  the  patient  left  the  city.  A 
moi.lh  afterward*,  however,  she  prcsenleil  hcnelF,  but  with  no  veMi^e  of  the  ring, 
worm.  U  Ijcgfln  to  di'«ii;iear  almiMt  immediately  after  the  treatment,  and  wilhui 
two  week*  the  >l>io  was  quite  dear.  To  tliLt  date,  two  and  a  half  yean  lince  the  ap- 
pbcaiion,  there  has  licen  no  xe^yx  earance  of  the  enipttoiL 

Scleroderma.  —  '  his  disease  of  the  sktn,  usually  so  obstinate  Co  recog- 
nized methods  of  treatment,  may  be  treated  by  strong  localized  galva. 
nization  with  considerable  benefit     Ficbcr,  of  Vienna,  records  a  case 


530 


DISEASES  Oi'  THE  SKIN. 


where  pcri^ihcral  galvanization  combined  with  galvanization  of  tlie  sym 
paitietic  nrere  very  cficclive.  In  a  case  that  we  saw  with  Dr,  IHfiard, 
and  for  a  time  treated  with  him,  a  very  [icrscvering  use  of  the  galvsnie 
current  hod  a  decidedly  beiie^cial  cSecU 

Chrom-tiogenout  Diseases — Leacoderma^  Melanoderma. — The  choin- 
ical  or  catalytic  action  of  the  galvanic  current  is  theoretically  indicated 
in  chrom otogenous  or  pigmentaty  diseases.  With  Iciicodcnna  or  wbtle- 
ncss  of  the  skin  and  cphclis  or  sun-burn,  and  in  k-ntigo  or  freckles,  no 
ex[>erijnents,  so  fir  as  wre  know,  have  yet  been  made.  Dr.  Wn».  R. 
Fisher,  of  Hoboken,  has  treated  a  case  of  melanoderma  of  the  face  by 
the  galvanic  current,  and  gained  a  complete  cure.  The  spot,  which 
was  about  half  an  inch  in  breadth  and  three  cjuarters  of  an  inch  long, 
looked  like  a  spot  of  mud  on  the  check.  Through  the  courtesy  of  Ur. 
Fisher  wc  liad  opportunity  to  see  this  case  both  during  the  process  of 
Uic  treatment  and  after  recovery. 


Elephantiasis. 

Slefhamtarit  tf  tkt  legs,  over  ttm  yearf  ttandiig,  atttnJtd  with  uUtrMi9H  amd 
great  fiaiM—He/ie/  n/  /atH— Removal  a/  tJke  r/e/AautiMe  jHh  lUtJttery  rrmmrMafi^ 
rtdMtiiin  in  the  riu  of  «ne  leg  wtJtr  ixaliud galtfaniMtMit — Sufiufuent dta/A  »/ 
patient /ram  tx/tauttion. 

Ck^v-  CVIT.— Mr.  v.,  &n  EnglUhmui  of  middle  life,  x  roan  scroBg  ind  vleoroiu 
beyond  tbe  nverage,  x  tlisiiller  of  o\\%  \ty  Qa:u]]aiioa,  returuin]*  from  hu  dally  dnlin 
OB  the  ewnin;;or  Febmary  22d,  1S70,  obwrvcj,  on  removinc  his  locks,  a  maU  blis- 
ter on  ibe  inner  &ii!c  o[  Lhe  lefi  ankle.  The  next  <Ia]r  he  callel  oa  hb  pb/ddan,  Ur. 
Rotton,  under  whose  c&rc  be  remained  fi>r  one  yeax  and  more. 

The  i!iscue  spread  over  tlie  It/t  fi>at  and  ankle,  and  in  abuut  two  noathi  the  riebC 
foot  was  struilarlr  attackcki.  The  blisters  as  they  nptarcd  left  inAamed  aad  aogry 
■orfaccs  in  tbeir  track.  Tfie  dixau  iav^iUed  tbe  turrac*  of  ibe  (eel,  and  bolH  legi 
np  to  the  knees.  The  ireaimcnt  carried  out  by  Dr.  R.  was  mainly  of  a  ionic  aud 
alleratire  character,  with  local  applications  of  ^lyoerine,  caibolic  add,  and  lead  m&li. 
At  one  time  Dr,  Johnwo  saw  the  case,  confirmed  the  diognoas  of  elephanmtii,  wtd 
rcadcreii  a  diagnosis  posilirely  nnravorabl& 

We  first  saw  tbe  case  by  Te(]uesi  of  Dr.  R.  in  May,  1S71.  At  that  tfane  the  riglit 
Eee  below  the  Lnee  mcaiiurei]  ttvtnty-fitft  inehet  in  circumference,  and  il  was  covcral 
all  orcr  wiih  dcphintine  sVin,  eicepting  an  ulcerating  nirface  below  the  anlkie. 
This  ulcer  was  ircalcU  with  cluticoal  poultice  and  discharged  freely.  Tlie  left  Ic^ 
was  not  greatly  enlarged,  but  was  red,  angry,  and  inflamed,  and  ke|)t  up  an  iitcesuai 
discharge  fcom  t^e  surface. 

Tbe  patient  mffertd  horrible  agimia,  so  tliat  at  night  ihc  oeigbbor^  w«re  Ui*tuibetl 
by  Us  howling.  He  was  unable  to  move  frum  the  sofa  oa  which  he  tat,  and  where 
he  worked  at  hi;  newly-teamed  trade  of  cleaning  gloves. 

3y  our  request  Dr.  £.  Mann  at  lint  undertook  the  experimental  Ircatmenl  o(  ibc 
caBB  by  deciricily.     We  had  never  known  of  elephoniiails  beirtg  treated  dectriraUy, 


ukI  gave  u  tmravorablc  pro^osls,  and  were  indeed  raclined  not  to  atteiopt  It  t  ooly 
by  (be  CAnrnl  reqacU  of  the  patient  ami  hii  pbyxidan  we  dedilcd  to  iiy  and  Kc 
whctlicr  wc  might  give  him  tome  reUcf.  l/yMicd/aradita/ian,  at  first  tried,  accom- 
pliihed  nolhtnc,  and,  so  great  was  the  anjntheiia,  was  not  Mt  by  the  patient. 


§■10.  117. 

Elephanllasuf  of  Ugt  bfeforc  ireaimcnt  by  electricity. 

Localited  gahfatiMttan,  \vf  mcani  of  wet  sponge*,  and  both  poles  with  tinc-carbon 
battery  of  lixteen  cclU,  was  appreciably  felt,  and  very  soon  began  to  relieve  the  pain. 

The  applications  were  from  ten  to  thirty  minutes  in  length. 

AE^c  two  months'  treatment  the  ele|ibjnliiie  sLin  on  llie  left  lei;  wax  removed,  the 
pnin  had  cea«il,  an<l  the  Ic;i  was  rctluced  in  circumference  \tam  txaeuty-fivt  to  irvetf 
tttn  iivA/i.     The  ulcerated  portion  tieluMr  (he  ankle  was  nlso  nearly  well. 

The  electrical  treatment  was  then  diacontinucil  fur  several  montli*.  During  the 
latter  part  of  this  lime  there  were  evidence*  of  rehji^e  itnd  reaiiiiearant-e  of  ulcers  and 
pMR.     The  case  was  seen  at  various  stages  by  a  large  nuinl>er  of  the  profcislon. 

Tlie  patient  subseqiieiitly  rctapsed  somewhat  on  a  discontinuance  of 
tLe  treatniL-ni ;  was  again  treated,  tliough  with  less  benefit,  by  our  as- 
sistant, Dr.  Sterling,  .\mong  other  mctliods  cealral  galvankalion.  was 
tried,  but  wllhouc  perceplible  effect.  In  tlie  course  of  a  year  the  (KI- 
tient  died  exhausted. 

Ahpecia. — In  this  condition,  local  galvanization  has  been  used  witJi 
some  benefit.  Our  own  observations  in  this  particular  affection  have 
not  been  very  extensive. 

The  question  tliat  has  been  often  asked  us,  whether  parasites  on  the 
skin  can  be  killed  by  a  current  that  the  patient  can  easily  bear,  we  *re 
unable  lo  answer. 
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Permanenee  ef  the  Results.— The  very  natural  question,  whetliei  the 
results  obtained  by  electricity  in  diseases  of  the  skin  are  more  pertna* 
nent  titan  lliosc  oblaincil  byordinar)'  methods  ll>e  future  must  answer. 
That  relapses  niay  occur  after  a  cutaneous  disease  has  even  yielded  to 
electrical  treatment,  already  has  been  deinonstrateiL  To  what  extern 
central  galvanization  and  general  faradization  combined  wiih  local  treat. 
nicnt  can  control  the  diathesis  must  be  ascertained  by  patient  and  per 
Bisient  expcrimenL 

That  the  results  of  electrical  treatment  are,  to  say  the  least,  as  per 
manent  as  those  derived  from  the  accepted  methods,  and  that  after  the 
accepted  tnethodshave  pariiallyorcniircly  failed,  electricity,  cither  ilone 
or  in  conjunction  with  du*  accepted  methods,  may  succeed,  we  ha  e  sat 
isfactorily  cbtal  lishcd. 

Stiperfiaous  Hairs. — That  hairs  can  be  successfully  and  permanently 
removed  by  electrolysis  is  now  an  established  fact.  The  appliances 
necessary  arc  a  pair  of  twerzers  to  seize  the  Iiair,  an  exceedingly  fine 
irido  [>latinuni  needle,  and  a  needle-holder  which  is  to  be  connected 
with  the  negative  jiole  of  the  battery.  The  patient  being  seated  in  a 
high  reclining  chair  and  exposed  to  a  good  light,  the  operator  seizes  the 
hair  witli  Ihe  tweezers  held  in  one  band,  while  with  the  other  llic 
needle  is  introduced  by  the  side  of  the  hair  into  the  follicle.  The 
patient  then  applies  the  positive  pcle  to  the  palm  of  her  hand.  In  a 
few  seconds  some  hyperremia,  followed  by  a  slight  blanching  and  a 
little  frciih,  will  appear  around  the  needle,  and  in  from  twenty  to  forty 
seconds  the  hair  becomes  loose  in  the  follicle  and  is  readily  withdrawn. 
The  current-strength  should  be  just  suflficirnt  to  do  the  work.  Approxi- 
mately, from  eight  to  twelve  ordinary  zinc-carbon  cells  will  answer  the 
purpose. 

The  pain  is  but  slight,  and  if  the  work  is  skilfully  done  but  little,  if 
any,  scarring  will  follow. 


CHAPTER    XXVTL 

DISEASES   OP  THE  ORGANS   OP   DIGESTION. 

Ahono  the  diseases  of  the  organs  of  digestion  for  which  electiicil) 
has  been  successfully  employed,  arc  dyiptpsia,  jaimdUe,  c&nstipatim, 
chronU  tUtirr/utat  gas/ra/^fa,  abdaminal  nenrai^in,  vomiting  or  regur- 
gitaiian,  JlatuUnce,  and  sea-sickness. 

/i/eefro.Diagnasis.—lmla.h\e  conditions  of  the  stomach,  liver,  and  in- 
testines are  somftinies  revealed  by  their  sensitiveness  to  the  electric 
current.  Pains  must  be  taken  to  distinguish  the  sensitiveness  of  the 
skin  from  that  o(  the  internal  organs. 

An  an.i;5ihetic  condition  of  the  liver  is  sometimes  exceedingly  marked. 
In  several  of  our  cases  the  whole  [lower  of  tlie  faradic  apparatus  was 
not  painfully  felt,  when  localized  through  the  liver  by  large  sponge 
electrodes.  Irritability  or  ulceration  of  the  large  intestines  is  some- 
times indicated  in  a  very  marked  nianner.  For  the  diagnosis  of  the  dis- 
eases  of  these  organs,  the  faradic  current,  on  account  of  its  suiwrior 
mechanical  effects,  is  preferable  to  the  galvanic. 

In  nervous  dyspepsia  there  is  frci^ucntly  a  peculiar  and  very  unpleas- 
ant tenderness  in  the  ctiigastric  region,  so  that  only  a  very  mild  current 
can  be  borne.  In  some  cases  a  thrill,  with  a  sinking  sensation,  is  felt 
when  the  clectro<le  with  a  strong  current  ia  passed  down  the  spine  ;  in 
other  cases  the  application  of  a  strong  current  at  the  cilio-spinal  centre, 
or  on  the  crown  of  the  head,  causes  a  feeling  of  nausea.  The  spinal 
irritation,  on  whicli  nervous  dyspepsia  so  frequently  depends,  is  indi* 
cated  by  tcndcrntrss  of  tlic  dorsal  vcrtcbrx,  as  revealed  by  pressure  or 
application  of  the  current. 

General  FrhuipSes  of  Elecirieal  Treatment. — Electrical  treatment 
is  scr\'iccable  in  the  diseases  of  the  oi^ans  of  digestion  in  two  ways : 
First,  by  improving  die  nutrition  of  the  tissues  of  the  organs  ;  Seeondly, 
by  improving  the  nutrition  of  the  brain,  spinal-cord,  syjiipathetic,  and 
entire  nervous  system.  The  tonic  inllueiice  on  the  nervous  sy-stem  may 
be  obtained  by  central  galvanization,  and  by  general  faradization. 

The  mechanical  influence  on  the  tissues  of  the  viscera  may  be  otv 
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taincd  by  general  oi  localised  faradization.  A  fuiidardental  fact  ol 
great  ini[K>rtance  in  tlie  treatiucut  of  dt&onlers  of  the  digestive  tract  ie 
this,  ihat/ffr  applieaiions  tj  the  abdominal  viscera,  stomaefi,  spleen,  liv- 
er, intestines  and  uterus,  thefaradtc  current  is  usually  preferable  to  the 
galxanic.  The  reason  fbr  this  is  that  the  faradic  current  acts  more 
vigorously  on  the  muscles  than  the  galvanic,  and  therefore  produces 
mote  powerful  mrehanieal  effects,  with  passive  exercise  of  all  the  deep 
tissues.  It  may  be  safely  said,  then,  that  wc  know  of  no  ireairaent  more 
sure  to  relieve  tiie  leading  attd  concotiiitani  phenomena  of  dyspepsia  as 
general  faradization  and  central  galvanization.  In  conncctioo  vidi 
this  wc  sometimes  use  galvanization  of  the  sj'mpathctic,  the  pneuino 
gastric,  and  spine.  General  faradization  relieves  ner\'ou3  dyspepsia, 
not  so  much  by  the  virtue  of  its  influence  on  the  stomach — although 
it  directly  affects  the  sicimacli — as  hy  its  influence  on  the  nervous  condi' 
tion  of  which  the  dy5pci>sia  is  a  symptom. 

The  number  of  our  cases  in  which  dyspepsia  was  the  only  symptom 
was  comparatively  small ;  the  number  in  which  it  was  a  prominent  tc- 
cumpaiiyiikg  symptom  was  (juite  large.  Most  of  the  ca.ses  of  hysteria, 
nervous  exhaustion,  and  hypochondriasis,  and  very  many  of  the  cases 
of  neuralgia  and  paralysis,  were  more  or  less  complicated  with  dysjiep- 
tic  symptoms.  Relief  of  dyspepsia  is  one  of  the  earlier  signs  of  im- 
provement under  electrization,  even  when  treating  cases  in  which  it  ts 
merely  an  incidental  condition. 

The  stomach  and  liver  may  be  indirectly  gah'anijEed  through  die 
pneumogastnc  in  the  neck  ;  the  stomach,  liver,  spleen,  kidneys,  atul 
intestines  may  be  directly  faradized  by  applying  large  electrwles  with 
very  fine  pres<;ure  over  the  back  and  abdomen^  so  as  to  pass  the  cur* 
rent  directly  throngh  the  organ  that  wc  wish  to  affect.  Except  in  coscs 
of  disease,  these  organs  will  bear  strong  currents  without  severe  dis- 
comfort. Either  stable  or  labile  applications  may  be  used,  without  re- 
gard  to  the  direcuon  of  the  current,  from  three  to  ten  minutes,  or  even 
longer. 

In  ctmntctian  with  nervous  dyspepsia,  wc  find  associated  aionr 
of  the  stouiacb.  Atony  of  the  stomacli  cannot  exist  for  a  long  iime 
without  develo|)ing  into  dilatation.  For  the  purpose  of  stimulating 
to  contraction  the  muscular  coats  of  the  stomach,  clertricity  is 
manifestly  the  very  best  agent  at  our  command.  By  stimulaiinn  con- 
traction and  relieving  the  dilatation,  we  directly  aid  in  overcoming 
the  atony,  the  primary  cause  of  all  the  subsequent  difficulty.  Al- 
though the  galvanic  cuirent  is  recommended  by  some,  who  give  very 
definite  instructions  as  to  the  method  to  be  employed,  the  faradic 
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DYSPEPSIA— CASES. 

™rrcnt  is  to  be  preferred.  External  applications,  although  sometimes 
of  scr^'ice,  are  too  frequently  ineJlicient,  and  more  active  anii  direct 
treatment  should  be  resorted  to.  Applications  should  be  made  i)i- 
rectly  to  the  interior  of  ilic  stomach  by  means  of  olive-shaped  elec- 
trodes, fashioned  in  the  bipolar  form. 

The  induced  currents  of  quantity  are  far  more  effective  in  these 
internal  appHcations,  than  those  of  tension. 

frvgnosis. — For  the  temporary  or  jiermanent  rebel  of  nervous  dys- 
pepsia, the  prognosis  under  the  treatment  above  indicated  is  exceed- 
ingly favorable,  ami  ilie  resuUs  obtaintd  by  general  faradisation  and 
central  gaivanitation  ahne  are  some  of  the  mast  remarkable  in  thera- 
peuties,  Casc^  of  nervous  dyspepsia,  with  their  mauifold  coiiiplicalions, 
are  on  the  whole  the  best  tests  that  can  be  offered  for  this  method  of 
treatment.  Not  only  arc  the  purely  dyspeptic  symptoms  relieved,  but 
there  is  great  improvement  in  sleep,  and  in  strcn^h  of  muscle  and 
bnir.  and  in  some  cases  very  marked  increase  in  weight.  Relapses 
are  not  unfreqiient  in  this  disease,  cs[)cc!ally  under  bad  hygiene ;  for 
with  many  the  tendency  to  nervous  dyspepsia  is  hereditary,  and  is  con* 
tinually  liatile  to  manifest  itself. 

Oytpffitia,  Ateempanitd  hy  a  vora^iatu  afifictite  and  a  constant  iurning  in  Iht  ttem- 
OtA^A/frvjcimaU  ret^very  nndrr  trtalmenl  by  general /aradiiation. 

Cask  CVIK.— The  case  of  Mr.  S-,  aj^  31,  presented  symptoms  of  the  old-ra^ 
laDfid  variety  oE  indifotion.  Ku  tppcarflacc  ditl  nut  indicate  any  spcciiU  or  annoy- 
Engdiseaie. 

A  year  prcvloutly  he  b^ui  to  experience  an  oncaxy  feeling  in  the  epigastric  rccion 
after  eaiing  a  hearty  mral.  Thit  xyinptoin  gradually  became  more  aggravated,  tintU 
it  WM  a  source  of  »criou>  annoyance. 

He  had  l>eca  advi.scd  to  limit  himielf  to  a  vpare  diet,  and  had  allemptcd  to  regu- 
late the  (luamtity  and  ({u.iLity  o(  his  Toud.  In  this  he  failed  on  account  of  anoUiet 
tympiom,  -which  before  ha'l  ocapocl  his  obwrvalion.  Wc  refer  to  bouliinia— 10 
otiicr  wixds  a  roTaciou*  appelile,  which  refuted  to  be  controlled.  The  cnormouf 
jimouni  of  food  urhkh  he  devoured  at  every  ineal  wa^  but  partially  dlgcKtcd.  A  con- 
uderxblc  portion  wa»  occasionally  voinited.  When  Uis  meals  weic  witblicld  a  short 
time,  he cx|)erienceil  an  indeu-iiliahie  "»in1cing"al  the  stomach,  impeilinc  htm  to 
•rise  1-oraciouiIy  on  uticlci  of  food.  He  complained  especially  of  a  constant  sen- 
sation of  heat,  or  a  burning  pnin  ire  the  cpi^astrinin,  which  was  Ai^Krnvatixl  by  lite 
it^euton  of  food.  We  ascriboJ  this  tymptom  to  an  exceuive  vascular  irritation  of 
(benncaiut  iiiembninc  of  the  stomach. 

An  unequal  circulation  wa^  manifntod  by  cold  extremities  during  the  day,  and  hot 
feet  at  uigli:. 

Derangement  of  tlic  hepatic  function  was  evident  hy  the  light  day-colured  stools, 
wMIe  the  urine  was  invariably  almost  colorless.  The  patient  was  accustomed  to  the 
habitual  UK  of  alcoholic  stiinuhints,  but  ne-rar  La  the  point  of  bitosicatiori.     He  had 
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ti<eil  ElTong  coBce  and  lea  to  excess,  but  lioJ  (or  tome  months  s1»Uincd  fiom  ihem 
«l(ii^<c(hcr.  The  rnrarlic  current  wu  xcutely  felt  over  (he  slomuli.  Oirer  the  body 
CciKirilly,  however,  lie  bore  n  cuTTcnt  of  mi>[e  than  orJin^u}'  tntouity.  Thnec  ippU- 
cation*  g^ven  in  the  coane  of  t  n-cck  n[>prec[al)ly  lexxerved  the  trritalion  of  tlie  lOs- 
«2iXi>  cMi^aii.  lliU  effect  wai  evinced  by  a  decrease  ia  the  bumbig  lenutioa,  wlikh 
vin«  mcntioneil  »&  diugrccnhle  and  marlccil  sympiom.  The  vomlifng  was  cfTnia* 
ally  conltolloi  after  two  weckx  of  trealmcot.  Twenty  appIic&ltoDs  admioifteied 
during  a,  period  of  two  monlhs  rcwiied  hi  an  i^iproximate  cure. 

The  ^'oiocioui  a[)pelile  wut  in  a  great  mea.'nire  labiJueO,  umI  it  wa*  only  after  futne 
indiscretion  in  diet  th:tt  any  of  the  old  local  tymptonu  retuntcd  uifBacnily  to  amioy 
tlx  patient. 

A  fitie  ef  inJigiJlhn  and  tzfetitve  vomUing  asutiateJ  vith  ait^Mlhttia  att4  wtai' 
ntit  of  right  iidt — ApfrnxintaU  ruovery  a/  tnJigaliim,  *U.,  unJer  gaivanitatUH 
of  tkt  jymfiaiAetif,  fneumsgastru,  and  relief  «f  the  anaithaim  wm^tr  gemer^t 
fAraditatioH, 

Cask  CIX.— Miu  C,  aged  33,  came  to  us  with  the  followioK  history:  She  raf- 
fered  dnrintc  cliildhooci  for  sercnil  years  from  chorea  of  the  right  side,  which  at  ilw 
age  of  Inclve  entirely  disappeared. 

She  then  enjoyed  fair  health  until  the  age  of  2 1  year*,  when  a  condUioa  of  iodifca 
tion  supcrvcDcU  that  was  fearful  tn  its  effects  Hardly  anything  coold  be  retaiDed 
upon  her  ttom^ich,  and  during  the  winter  »he  wa»tc<)  almott  to  a  shadow,  and  hcT 
life  was  despaired  of.  Under  gnlranizalioii  of  the  sympallKtic  and  imeumogastii^ 
her  dytpeptic  tyinptomt  improved,  and  the  vomltinj;  Ijecanie  decidedly  lev.  Aftei 
two  months  of  thi.\  treatment,  liie  had  increued  in  wetjht  to  her  Dormal  tiandard, 
uid  wlteti  we  lait  taw  lier,  she  wai  able  to  retain  the  greater  portion  of  llie  food 
ii^^eued.  Since  the  digestion  b^an  to  improve,  however,  the  left  lode  of  the  body 
became  markedly  anxnthctti:,  cold,  and  j^eatly  deficient  in  tuength.  The  o^ipodtt 
lide  was  slightly  affecied.  General  faradization  repeated  ox  or  eifht  timca  alnuM 
completely  relieved  tticK  nympluma, 

D^t/efjta  of  many  years'  ttanUing —  Great  imfrisvtment  under  general  farsdua- 
ticH,  and  inereate  in  iaeight  of  thirty  fatmdt. 

Cask  ex.-  Mr.  T ,  a  l>i>ol(M;llcr,  a^e^l  31.  stated  that  for  a  numher  of  year* 

he  bad  siifTercd  from  cbronic  dys^peiisio,  which  hod  rcndcml  hi»  life  mivratilc.  He 
had  lo<il  idulU  in  flcsli  Atih<Hii;'i  5  fl.  8  im;.  in  lieij^lu,  lii^  Mei^^bi  wa»  but  a)>aat 
one  liundrcti  pound^  lie  complained  uf  reeiirgUa lions  from  the  stomach  of  aa  hi* 
tcnwiy  sour  li<iuid,  and  on  risinj;  in  the  morning  he  was  often  troubled  wiib  pyrott'^. 
Tyinpaniti*  wai  a  frctiueiit  iyuii>t>jiu,  and  ofteuiimek  the  oixumulation  of  gas  witiiia 
the  >toniBch  ciubanaHicd  the  tcspiraiiun  and  disturbed  the  action  of  tike  heart. 
Treaimeni  w»  (.oninienctd  about  the  middle  uf  October,  l^iA,  and  coiilinned  fiw 
four  wwjks,  general  faradiEaiion  Ijcing  apjilieil  three  times  each  week.  The  daily  re- 
gurgitations, the  lyinpanilb,  and  pyiosi>  gradually  ccaw^l  to  annoy  him  ;  and  after 
the  tenth  application,  lie  informed  us  that  during  the  month  l>e  had  increased  Id  wdghl 
tome  Afteen  ]x>unds. 

About  the  beginning  of  January,  186;,  he  calleil  upon  u^  staling  that  his  beatlb 
was  cxcdicnt.  and  thit  hii  total  iiKica^c  in  weight,  liiice  he  6rat  commenced  treat- 
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mart  by  dectridty,  was  some  lliiriy  pounds.  Me  saiil  tbit  Ue  did  nut  feel  tbat  hU  di- 
gcrttirc  organs  were  as  strong  its  they  ha/l  I>cen  before  lie  was  attacked  with  iljfsqwp- 
BMf  but  titey  liad  ceaieJ  to  £ive  him  any  considerable  annoyance 

Ntrvouj  dysptfitia,  ajsMia/tU  with  fcrt-Miicat  ailacAt  af  headathe  and  vomiting — A^ 
froxima44  retavfry  and  rafid  tM-'Tfait  mm  jiKigMt/a/iawgeiteroJ/aradiaiUuf'i 

Cask  CXI. — A  young  man  of  ledemao'  habits  consulted  us  (or  n  persistent  fonn 
of  nervous  d;rsiiepvia. 

lie  wa*  of  a  weak  nervous  organlauion,  and  presented  a  rcinaikably  oiueniic  and 
enudaled  a[ipeanuice.  Every  month  or  six  weeks  he  was  prostrated  by  a  Mrvcrr  at- 
tack of  heailaclie  and  vomiting,  from  the  cITccis  of  which  be  wouM  nc>i  recover  for 
■eveial  ila>%  In  admiuUtermg  a  general  a(>pli»liuii  of  lh«  fiiraJic  current,  U  wtit 
found  that  the  liver  was  relatively  iJic  mosi  teusiiivc  to  its  mflucnce.  So  eithauiiltig 
WIS  the  sensation  ()tudui.ed  by  tb«  electricity  bi  this  orl;v^n,  lliat  veiy  decided  qmp- 
loms  of  fabitness  fuIloMed.  lie  soon  ralbcd  from  in-  dfeci^  aiii  wlien  tie  viiiied  tu 
two  days  subsctjucntly  be  enfiicised  himself  as  having  experienced  very  marked  3ud 
^aieftd  relief.  At  each  sitting  he  was  able  to  bear  a  mure  inlense  current  over  the 
jjgcslive  organs  aiid  body  generally.  TIic  beneficial  cfTccls  of  the  ap[>lications  were 
sooc  manifist  by  a  more  natural  and  lively  appetite,  rcUef  of  cunstipatioD,  by  greatly 
tncreaied  vigor  of  mind  anil  body,  an  J  1>y  the  non-rcairrence  of  hts  usual  paroxysn 
of  headache  and  vomiiini;.  The  hist  a[iplicBtion  was  given  October  34,  and  the  fit' 
teenth  and  last  in  the  early  part  of  December.  Uurinj  the  ticitmcnt  the  weight  of 
this  patient  increased  from  io6  to  115. 

A  mimber  of  cases  in  whicli  nervous  dyspepsia  was  a  symptom  will 
be  foiinil  under  hysteria  aiid  aUic<l  afTuctions,  nruratgia  and  patalysis. 

Censti/Kiiion,  C/irenic  Diarr/uea,  ami  Jaundice. — Censtipaiioa,  asso- 
ciated with  and  constituting  a  [Mirt  of  nervous  d/s|)epsia,  is,  like  dys- 
pepsia, disposed  to  yield  rnpidly,  and  often  permanently,  to  electriza- 
tion. Next  to  in&onmia,  it  is  the  symptom  lirst  to  yield,  after  general 
faradization  is  used,  even  thougli  there  may  be  subsequent  relapse. 
Very  many  of  the  cases  related  uiider  dysi)e])8ia,  hypochondriasis,  hys- 
teria, and  nervous  exliau:itioi],  wt-re  to  a  greater  or  less  extent  troubled 
nith  constipation,  even  when  this  symptom  was  not  specified;  and  in 
the  majority  of  cases  there  was  iii)]>ortAnt  relief. 

The  rcliL-r  is  sometimes  merely  temporary  ;  relapses  are  most  Ukety 
to  occur  in  those  cases  that  arc  of  a  hereditary,  or  at  least  life-lonu 
character. 

It  not  unfrequently  happens  that  a  strong  app!icj.tion  is  followed  the 
next  or  even  the  same  day  by  a  freer  alvine  discharge  than  usual 
Constipation,  much  more  frequently  than  is  supposed,  depends  on  an 
irritable,  exhausted,  or  congested  condition  of  the  spinul  cord.  That 
otyelitis  and  the  raore  serious  lesions  of  the  spinal  cord  are  accompa- 
nied by  a  dcraugeil  condLtion  of  tlie  bowels,  either  constipation  oc 
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Jiarrhoca,  is  Tully  recognized;  it  is  not,  however,  so  well  nndentood 
that  spinal  irrittUion,  even  in  its  milder  degrees,  may  have  consti|).ition 
Tor  one  of  its  symptoms,  and  that  this  symptom  will  disappear  with  the 
removal  of  the  cause,  by  treatment  directed  to  the  spine.  For  those 
cases  thit  result  rrciin  incurable  disease  of  the  brain  or  spiiial  cord  unlf 
temporary  relief  can  be  obtained.  In  sitch  cases  relapse  usually  occurs 
as  soon  as  the  treatment  is  discontinued.  Very  obstinate  and  llfe-lotig 
cases  of  constipation  sofiietimes  are  not  benefited  by  any  fonn  of 
electrical  treatment. 

Electrisation  may  be  said  to  relieve  constipation  in  several  different 
waya  ;— 

t.  Hy  its  general  tonic  effects  on  the  system  at  Urge,  on  tlic  samr 
principle  that  it  relieves  nervous  dys|Kpsia. 

3.  By  its  tonic  effects  on  the  central  nervons  sj'stcni.  and  es[K;cialI} 
on  the  spinal  cord.  On  account  of  the  fact  that  very,  many  cases  of 
constipation  depend  on  a  morbid  condition  of  the  cjrd,  special  aiteu- 
hon  snould  be  given  to  the  spine,  whatever  may  be  the  method  of  elec 
liization  employed. 

3.  Uy  its  direct  effects  on  the  organs  of  digestion.  The  mechanical 
action  of  the  fanidic  current  especially  gives  tone  to  the  stomach,  liver, 
and  intestines,  markedly  increases  the  hepatic  and  intestinal  secieii'^ns, 
and  aids  the  peristaltic  action  of  the  intestines. 

In  jaundue  the  results  of  our  limited  experience  have  been  more 
favorable  than  the  reverse.  In  chrome  diarrheta  we  have  succeeded  in 
a  number  of  striking  instances. 

The  treatment  of  all  these  conditions  is  worthy  of  far  more  attention 
than  it  has  tlius  far  received  from  electro  therapeutists. 

/AtAiJittf/  fomttifathm  fmr  fifttenytaft—No  permantnt  t*iufit  /tvm  mfdieatwm^ 
Hapid  imfirtnMment  umdtr  gtnera!  /wradi»4UUH— HtiAftt. 

CasrCXII. — Mr.  N,,  aged  30,  a  ptinter  cmrW)*"!  in  lite  offiL-cofibcNew  Yorfc 
Timet,  was  sent  Iq  ut  by  Ur.  St.  Juliii  Ruosa.  Fur  Griecii  yean  he  had  MifTcred  fron 
cumtipatiun.  So  jwrsciicni  were  the  !>mptom»,  that  n«itber  well-directed  modia- 
lion  nor  tucli  liygicnic  inea^ures  as  lie  coirld  cifininand  were  of  any  nvaiL 

The  apjjctiic  was  jockI,  and  itiedcepmoderaicly  jounJamlrc/icsJiinE.  The  patient 
omplaEDcd  of  a  wiue  of  weight  or  oi>prcs!>ioa  bi  the  Klxlumcn,  of  Baiulroce,  uid  oe- 
caj4ijnally  o{  a  s)i[;hl  feeling  of  nausea. 

II1C  Gvacuatians  ohta  came  awmy  tn  knotty  lump*,  a^er  much  straining  an]  u 
unpleasant  distension  of  Ihe  anus.  M  a  coafc<]uence  of  tliU  lor|KK  or  waui  of  »u»- 
ccpUl>ili[y  of  titc  inlcsltncs,  his  health  hail  licL-uinc  coiiniderobly  impaired,  lie  CMn* 
platueil  oi  a  general  feeling  of  malaise  and  a  vliw:lina!ton  to  eiigage  in  any  aclirc  dTutt. 
AlMve  ail,  liowever,  he  »\itrcred  continually  Tront  most  paturtd  mental  d«|)faHioa. 
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Tlie  roonotonjr  and  confinenicnt  of  bii  occupation,  together  with  the  nnnalural 
m«tho^  of  life  of  worliing  xt  night  and  slee{nng  during  the  day,  ilouUlcfS  i«nred  to 
•QTivale  thccbarurlcr  of  hUdisonlcr.  llcrcceive<l  only  three  zpplicationi  of  the 
Cutdk  current,  which  resulted  in  an  exlnionlinary  improvenicnt  in  hii  general  tymp- 
tom&  After  the  &nt  stance  the  bovrciK  move'J  freely,  ftnd  continued  to  do  «o  every 
day  while  he  visited  u&.  He  was  complclcly  relieved  of  his  mental  and  phyHcai  d<s 
pnwion,  aud  in  ewCTy  respect  vn»  more  »ifiorou»  than  for  mAny  years  before. 

The  trawcls  continued  regular  tor  several  months  when  the  old  symptoms  grxduallj 
nturacd.  The  patient  ag»n  applied  to  tu  for  trealment,  and  wm  relieved  at  cflcc* 
tually  as  bcfnie. 

OittiivUt  latutipatiffH  rttirved  by  a  /ew  affitUattsiu  a/  tht  faradU  ntrrent. 

Case  CXIII.— Through  tfaeVindnessor  Dr.  Howard  Pinckney  we  treated  an  obcti- 
uatecaie  of  contiipjition  in  a  lady  aged  about  30,  who  also  sufTcred  from  aevcra 
menorrhagia  and  nervous  exhaiulioR.  A  few  applications  of  general  fAr»Iizs(ioD— 
the  enrreni  being  directed  more  piriiculvly,  however.  To  the  intestinal  tract — rctiered 
Ihb  cooditiun  to  d«cUedly,  that  it  was  unneceaary  to  continue  the  trealmcnl.  A 
year  subs«iucntly  a  single  nppUcallon  rclirvnl  the  patirni  na  a  retiira  of  the  old 
*rm|>:9ta 


r<...  Ill), 


Rectal     EIcetrodc—DOB-tfliala- 
led  (KiddcrX 


Pir..  .». 
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Double  Rectal  F.lectrode 
{Galvaiio-Faradic  Mfg.  Co.) 
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In  some  cases  of  very  obstinate  constipation  it  is  of  adviUitnge  la 
localise  the  airrent  by  internal  applications.  This  may  be  accom- 
plished by  means  of  a  rectal  electrode  (Figs.  ii8  to  lao).  This  may 
either  be  non-insulated,  or  insntated  up  to  a  point  near  the  tip,  and 
nay  be  double  or  single.  A  very  powerful  current  may  be  borne  in 
the  rectum  wUhottt  discomfort.  The  other  pole  may  be  applied  al 
tlitferent  points  over  the  abdomen. 

fleus  {Invagination). — Althaus  reports  two  cases  where  powerfiil 
'aradixation  availed  to  cure  constipation  when  ihe  ordinary  remedies 
liatl  been  tried  in  vain,  llie  nefjalive  |>olr  was  applied  to  the  spiae, 
and  the  positive  passed  o/cr  the  abdomen  in  the  region  or  the  laige 
intestine.     In  three  minutes  a  very  abundant  evacuation  appeared. 

I'he  second  case  was  severe,  but  not  as  long  standing  as  the  otliei 
The  ]uticnt   passed  much  blood  at  stool,  ami  was  fast  becoming  ex- 
hausted     The  same  ap[ilication  brought  relief,  though  not  so  sjwediljr 
as  in  the  preceding  case.     In  two  cases  of  ileus  that  we  irralcd  iii  this 
way  Uiere  was  relief. 

Dr.  Clemens,  of  Frankfort,  states  that  he  has  successfully  treated 

invagination  by  first  adminiiilenng  one  or  two  tablesjioonruU  of  metallic 

mercur}',  which  settled  down  to  the  scat  of  the  invagination.    The  ne^ 

live  electrode  was  applied  over  the  supposed  seat  of  the  disease,  and 

he  i)ositive  in  the  rectum.     Voltaic  alternatives  were  used.* 


CAr&nk  Jiarrkaa  of  itx  mfMkt'  itamti/lg,  auociateJ  wilA    general  mfttrmlgi^^ 

A/itrif'/  teuiterneit  over  the  IniHiverse  roloH —  TrtAlexi  hy  gtneral  faraJitatiem^ 
tvilU  t/ttial  rtfertnce  lo  the  ttnJtr  ipat—fiteevtry  in  lAree  u/eeii. 

Cask  CXIV.— a  lady,  aged  3;,  Kiit  to  m  by  Dr.  II.  II.  Gregory,  for  a  cnml 
neuralgia,  from  which  it  liniet  she  ^uflined  excessively.  The  (arariic  current  was  applial 
over  tlic  whole  Nxly,  end  produced  no  discomfort,  cxcepling  wliai  it  M«Sicat  throu^b 
■  certain  part  oftfae  uUe&liual  tract. 

Thb  render  spot  was  looucd  on  the  right  idde.  directly  over  the  transverwcsJoa. 
Over  no  other  puction  of  the  abdumen  was  ^lie  at  all  se^^itivc  to  the  electridiy,  but 
Bi  ihi«  ptunt  a  very  moderate  current  (iroduced  a  iliuigrecaNc,  tliaip,  buiRiitg  pain, 
atmtlar  to  that  tau.ie'l  by  making  the  a|i)i]iuiCiun  lu  a  ratr  surface.  Upon  inquiry, 
the  juticiy  »iaie<I  tluc  Tor  lU  mointhi  dlie  liad  lic«n  annoyed  by  adivrlKKa,  wlikh 
pMMMed  ill  9i)iiie  of  jieitevertn];  and  judicious  medication.  Stie  vasobli;^  loeser- 
eiic  the  utTTitrii  cauciun  in  her  diet,  for  the  ieaat  indijcrclion  in  eating  was  cettaJu  to 
a0;ravate  li«r  disorder. 

We  now  [lirected  the  n,pptifiatlo««  more  especially  to  this  lender  fpol,  and  fooa  ob* 
•erved  tonic  atEieliuraiiuii  of  liet  diorrlmal  symploma.  The  sloolc  Bsaurocd  a  fRser 
con-d<iency  and  a  mnre  licjlLliy  color,  ajvl  in  proportion  as  the  improved  ia  ttiese 
reapects  the  leniler  tpvi  become  lew  unsjiive  to  llic  influences  of  Ihe  electric  aumii, 
Eii^lii  a]t|>lication%  oicntlcJ  over  a  period  of  llirec  weeks,  icHiIted  to  compkle  ic 
coveiv. 

•  Allha'1%  op.  c?*.,  p.  60J. 


CASES  OF  CHRONIC   niARRllCE.^. 


547 


I 

I 

I 


Diarrhva  tj  sever  at  manthf  ttituttHg  in  a  lad  of  tathn  yeari,  eauitS  by  exfontrr  t9 
e&U'-Rfeffvery  undtrUn  general  faraditatidm—fnertatt  in  loeighl, 

Chst,  CXV. — J,  W.|  *gtA  twelve  yenn,  was  annoyei)  lijr  an  CKcetslve  lootenm 
of  the  lx)wclft,  which  had  pcnulcd  for  Kvenl  monlli»  in  ipite  of  every  fi^rm  of 
nicdicaiiun  tliai  had  l>em  irl«d.  He  wu  of  a  delicate  conaiittitiixs  hut  uniil  thii 
■tUck  of  diarrhoa  he  had  alu-ays  enjoyed  a  good  decree  of  lieallli.  Hit  m-jlhcr  at- 
tributed ha.  dJMrder  to  expouire  during  a  coUl,  damp  d^y,  at  ■  time  when  hia  lysten 
mt  a  litlle  below  par  fram  loo  clow  confinement  in  the  Khoot>n>oir. 

A  roiNlerate  amotini  of  foqil  cause!  no  diKomfort,  but  hii  power  at  animilatioi 
■ns  consderahly  impaired,  as  ihown  by  the  ^reat  quantity  of  alic  e  '.  that  passed  U' 
boweU  daily.  Ordinarily  he  had  five  or  six  evaruaTions  during  the  twenty-four 
hours ;  but  if  he  indulged  to  any  extent  in  athletic  exaci»et  the  lynptonu  becAiac 
more  urgent. 

On  one  occa.<tioTi.  after  indulging  for  an  honr  Id  b  ganK  of  ball,  he  wat  annoyed 
during  lite  night  by  nenrly  a  rioien  evarualioRi,  which  were  attended  with  roniider* 
able  pain.  A*  might  be  inferred,  ihi«  constant  drain  upon  hit  tyitcm  had  ttiU  further 
decreased  bis  limited  slock  of  vitality,  and  he  liad  lost  within  three  months  some 
twelrc  pound*  in  weight. 

The  lirst  four  applications  worked  no  tmporlanl  change  in  his  general  condition. 

AAer  the  fifth  vWt  ihere  were  manife*t  Mgtw  of  improvement-  During  the  lurenly- 
toor  hours  following  lie  was  i:Dnii>cllal  to  evacuate  his  bowels  but  three  limes, 
instead  or  five  or  six.  The  improvement  continued  afier  each  9ubset]ucnl  applica- 
tion, ontil  the  number  was  reduced  lo  one  daily.  The  f«-es  were  of  a  firm  consis- 
tency and  unmixed  with  undigeUed  food.  The  evacuattunt  CAUced  no  suffering,  and, 
more  than  all,  he  had  gained  nearly  six  ]>ounds  in  weight.  He  could  indulge  la  all 
the  ordioaiy  sports  of  his  school -fellows  without  any  evil  cons«(uences  following. 

The  patient  was  under  treatment  nearly  a  month,  and  the  number  of  applleatiuni 
administered  was  ten. 


\ 
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Ckromit  diarrhaa  witA  titative  paint  in  iatk  and  atihmen — Grtai  detilitjr —  Very 
great  im^trvement  feem  gtnerai  faraJisaiion, 

Cask  CXVI.— Miss  1.,  a  lady  30  years  of  ajre,  was  referred  to  ua  by  Prof.  J.  <*. 
Metcalfe.  October  zt,  dt  be  irc;itc<!  Vm  chnmic  diarrhoea  of  four  years'  slandinjf 
oltemtted  with  some  anxmia  and  muacoiar  weaknesa.  The  dbidiarges,  sometimes 
several  doily,  were  rre<|iiently  followed  by  severe  pairu  Debility  wa*  >o  cxcesrive 
that  she  wa*  ovcr-fal igiieil  by  a  walk  of  \  tjuarter  of  a  milt  Her  appetite  was  capri. 
dous  and  digestion  imiwrfcct,  ami  the  condition  of  her  bowoU  made  nccessar)'  ctm- 
ctant  caution.  The  patient  referred  het  difhtullies  to  exhaustion  catuied  by  attend- 
ance on  an  invalid  Jsier. 

Electric  examiitxtion  revealed  a  marked  tenderness  o vet  the  traitsverse  colon,  which 
wind  at  different  times. 

The  patient  was  treated  by  genera]  faradiution,  at  fint  caulionsly,  but  soon  at 
she  proved  able  to  bear  it,  with  greater  freedom,  by  intervnls,  for  three  months,  the 
applications  being  made  every  other  day.  Improvement  bc^pm  early,  and  its  march 
wascuniinnnus  nnd  moMly  uniform.  The  discharges  were  gradually  reduced  in  fre. 
qiwncy,  wilK  relief  of  the  accoin(janying  pain,  though  two  slight  relapiics  occurred 
(rom  lmpru.]em:c  at   the  tabic.     The  excessive  pain  in  the  back  was  relieved  tempo- 


548  DISEASES    OF  THE   ORGANS   OF  DIGESTION. 

nriljr  iriih  earh  sppltcatlon.  From  week  to  week  her  ttrenfrtti  Impmveil,  gnA  st 
the  ctuae  uf  llie  ticattaent  she  cuuld  walk  two  utile*  with  plc3<.ure.  The  increMC  In 
sue  ftud  luuilnea  of  the  mu»cle«  of  llic  upper  arcl  lower  Itmlx  wit&  p&l  lolile.  Occa* 
■iotul  attacks  gf  Iai>»ene»  uf  tlie  howels  annoyed  hex  e<rea  tlieii.  but  they  were  unt 
aecoinpanied  hy  ilic  sevei !  pain,  and  were  quite  readS/  diecked  berore  ihej  had  tine 
to  im]«ir  nnlniion  cr  reduce  llie  tyslem. 

A  leitcT  received  fmm  llie  patient  in  September  reported  that  ii\  the  tnaio 
she  had  retained  the  improvement  derived  (ram  the  treatment. 

In  Ihis  CAse  vrr^-  Kirong  an<J  qiiiie  protr^'  'r>t  appliciittont  were  tE>vcn,  ami  with 
coniiderable  thoroughnesb  -Only  the  Earadic  current  was  eroplayed,  ihice  it  feencri  ro 
nieel  atl  the  inElicaiicn^  T)ic  lempurary  efTccts  of  general  Cuaduaiion — relief  u/ 
pain,  with  a  (ecling  of  warcoLh  and  ckhilaiation— wac  ttiJuA^ir  s>t»crvcJ  after  ca^& 
Bi>pltcalion. 

That  the  op[>osile  Byinptoras— diarrhow  and  constipatioii — arc  heated 
successfully  by  eteciricity  need  surprise  no  one  who  thoroughly  com- 
[jrehends  the  fact  that  electrical  trcaunent  improves  nutritiuti  and  &o 
may  be  used  to  combit  any  diseases  tlut  depend  on  depraved  nutri- 
tion, whatever  the  synijUoins  by  which  the  depraved  nutrition  manifests 
itself. 

yauHJia  with  deiility  e/  tix  moMlkf  Handing— Rafid  recovery  under  geiurat  far* 

aditatian. 

CaseCXVII. — Nfr.  B.,  agedsS,  hud  wfTered  at  iotervals  Irom  jaundice  anocialal 

with  excessive  physical  pioitiallon  for  nearly  tix  moQtli&. 

Mis  bowels  were  obstinxicly  constipated,  and  Itod  been  bo  during  aD  tirii  prnod  of 
bodily  derangement.  He  bad  bean  phy&icked  at  various  times,  and  nou  tborou]^ 
by  calomel  podophyllin  and  other  catlnrticst  and  had  been  condanlty  under  the  infla* 
encc  A  tonic  remcdici.  These  efTorts  bod  resulted  only  in  temporaiy  relief,  ami  at 
live  time  lie  applied  to  as  for  treatment  the  patient's  appearance  was  typical  of  aa 
ag^invated  x^ont  o{  jaundicft. 

We  !>ul>miltcil  hitn  un  alternate  days  to  general  rnradixalion  with  rapid  aod  dedded 
effect.  I'he  constipation  was  first  relieved,  and  then  followed  an  increase  ot  appeiilc ; 
at  the  uine  time  hb  diin  became  clearer,  and  he  incrca*ed  both  b  sUcn);lhaBd 
weight. 

The  resolt  was  com|>lete  recovery  within  a  month, 

(Far  Gastralgia  see  chapter  on  Neuralgia.) 

ReS^rsiialion  and  Vomiting.—^YQx  those  cases  of  romtting  that  a« 
of  an  obviously  ncri'ous  cliaractcr,  galvanization  of  the  sympathetic  and 
pncuniogastric,  or  strong  faradization  through  the  stomach,  jg  soiuetimcf 
of  important  service.  Successful  results  have  been  obtained  by  Peppet 
and  Bricheteau.  The  tatter  treated  with  success  three  cases  of  voniii- 
ing  of  pregnane}'.  His  inuihod  of  ajjplication  was  to  place  the  electrodci 
on  the  epigastrium  at  the  coniuicncement,  middle,  and  close  of  the 
meal. 
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t  is  well  in  such  cases,  especially  if  they  are  obstinate,  to  tiy  a  va- 
riety of  methods  :  galvaniMtion  of  llic  sympathetic  and  vagus,  and  of 
the  spine,  faradization  through  ihc  stomach  with  a  strong  stable  current 
and  general  faradization. 

Dr.  F.  U.  Lemc,  of  Cold  Spring,  informs  us  that  he  has  met  with  ex- 
celtenl  success  in  the  treatment  of  vomiting  by  faradization.  In  somf 
cases  the  effef^ts  arc  immediate. 

Flaiulenct. — Flatulence  is  a  symptom  of  disorder  of  the  digestive  or- 
gans that  very  reailily  yields  to  electrical  treatment.  It  (demands  ihe 
same  treatment  as  dyspepsia  and  constijwition.  Those  very  frequent 
cases  that  depend  on  spinal  irritation  and  congestion,  and  on  hysteria, 
need  central  galvanization  or  general  faradization ;  cases  that  depend 
on  an  attack  of  acute  indigestion  may  be  advantageously  treated  by  in- 
ternal applications,  one  pole  being  appUcd  to  Uic  rectum  by  the  rectal 
ekclrode,  and  the  other  to  the  spine  cr  abdomen. 

flatulence  was  a  symptom  in  very  many  of  our  cases  of  d>'Hpepsia, 
hysteria,  and  spinal  irritation,  and  almost  uniformly  it  temporarily  or 
permanently  yielded. 

Seas iei»ff I j.^ln  October,  1869,  Mr.  I,e  Coniat,  a  French  surgeon, 
presented  a  method  of  treating  sea-sickness,  before  the  New  York  Med- 
ical Association.  Subse(|uenlly  a  detailed  account  of  tiie  inelliod 
was  published  by  Dr.  Uwinelle,*  who  had  experienced  the  good  effects 
of  the  treatment  on  his  own  person  in  a  passage  across  the  Atlaniic. 

His  method  was  to  first  apply  a  rpiantity  of  solution  of  atropine— one 
grain  to  the  ounce — to  the  epigastrium,  then  to  apply  a  flat  disk,  con- 
nected widi  a  faradic  api)ar.ilU!^,  over  die  pyluric  extremity  of  the  stom- 
ach, while  a  moistened  sponge  connected  with  the  positive  pole  was 
passed  over  the  surface,  from  the  cardiac  to  the  pyloric  orifice. 

Vigorous  contractions  of  tlie  muscles  appeared  during  the  appHca- 
cations.  which  were  followed  by  agreeable  repose. 

I,e  Coniat  claims  to  cure  by  this  method  ninety  per  cent,  of  his  cases. 

The  statements  made  by  Coniat  and  Dwindle  lose  much  of  their  sci- 
entific as  well  as  of  their  practical  value,  from  the  fact  tluit  the  atropine 
was  combined  with  the  faradizatiou. 

There  is  little  doubt  that  the  passage  of  the  electric  currents  through 
tlie  body  facilitates  the  absoqiiion  of  liquids  placed  beneath  the  elec- 
trodes ;  moreover,  it  is  well  known  that  the  skin  is  capable  of  al)sorbing 
liquids  widiout  the  aid  of  the  electric  currents.  The  quenching  of  thirst 
by  bathing  is  a  very  familiar  illustration. 

Tlicn  a-jain,  alrnpine  is  a  reint-ily  so  powerful  ihat  yf^  or  even  ^hi 
of  a  grain  is  sufficient  to  powerfully  affect  the  nervous  system,  when  ad* 

*  New  Vutk  .ML-ilical  JiiurnaJ,  ltt(>9,  p.  390, 
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ministered  hjrpodennicaHy.  Futhermore,  it  is  a  remedy  for  sea  sickness 
aad  sick-headache,  as  has  been  shovm  by  expertnienls  of  ourselves  and 
others  who  have  employed  hypoclctniic  iiijcclioiis  of  this  rcriitxly  com- 
bined with  morjjhine.  A  dose  containing  i^  of  a  grain  of  atroiune 
and  I  of  a  grain  of  mor{>hine  is  sufficient  in  certain  cases  to  telievc  thu 
naitsea  and  vomiting,  and  produce  sleep — the  same  effects  that  are  pro 
duccd  by  the  ojieratioii  of  I<e  Coniat. 

From  all  these  considerations,  taken  in  connection  with  the  further 
Lonsideration  that  sea-sickness  is  probably  not  a  disease  of  the  stomach 
alone,  but  of  the  central  nervous  system,  of  which  tiie  nausea  and  voiuit* 
iiig  are  frequent  but  by  no  means  necessary  symptoms,  we  are  btrongly 
inclined  to  the  belief  that  the  results  obtained  by  l.c  Coniat's  procedure 
could  have  been  obtained  with  much  less  difficulty  by  hyiJoUcnnic  injec- 
tions of  atropine. 

Tne  true  way  to  settle  the  question  experimentally  would  be  to  treat 
a  large  number  of  patients  by  all  three  different  methods — some  by  the 
jiroccdiire  of  T.e  Coniat,  others  by  the  same  method  without  the  atro- 
{line,  and  others  by  hypodermic  injections  of  atropine. 

Klcctricicy  must  be  proved  to  have  some  very  potent  inRucnce  ovet 
•ea-sickness,  in  onler  to  persuade  patients  and  pliysicians  to  attempt  iti 
ase  on  shi[iboar«l.  A  suryeon  in  the  United  States  Navy  repons  to  ui 
that  he  has  had  good  results  in  the  treatment  of  sca-aickncss  by  Caiadk 
HLtion. 


CHAPTER  XXVTII. 


DISEASES    OF    WOMEM. 


The  diseases  of  the  female  sexual  organs  fur  which  electricity  has 
been  proved  lo  be  of  service  arc  the  symptoms  o(  amenorrhtxa,  dys- 
mfiiorrkxa^  mtnorrhagta,  leueorrhtta,  chronit  pdvU  eeUuUtis,  tittrhit 
kype*plaiia,  sub-  and  super-iHV<}''ution,  atrophy  of  the  uttrus,  displace- 
mtnis  ami  pro!>tpius,  ovarian  neuralgia  and  oz'aritis,  peri-uterine  hce- 
matoeelf.  stenosis  of  tfu  uterine  canal,  eystic  grotathi,,  fibroid  and  ovarian 
tumors,  iind  ihronie  metritis. 

Treatment  of  Diseases  ef  the  Uterus. — Local,  central,  and  general 
treatment  may  be  employed.  The  local  treatment  may  be  either  ex- 
ternal or  internal. 

External  Method — Exiernally,  the  uterus  and  its  api>endages  may 
be  electrizeJ  by  pUcing  one  polt?  with  firm  pressure  over  ihe  tiypogas- 
trie  region,  and  the  other  over  the  lumUar  region  of  the  ^pinc. 

7*his  melhod  is  sonielinies  as  effective  an  internal  applications,  and, 
in  virgins  at  least,  shouEd  always  be  tried  at  first.  In  iliis  melhod 
btnefit  is  derived  partly  frmin  the  cffk-'Ct  of  the  current  on  ihc  lower  part 
of  the  spinil  conl  and  ihc  abdominal  ganglia  of  the  sympathetic. 

httern^il  Melhol. — Electric  currents  may  be  localized  in  ihe  female 
organs  of  generation  in  a  varii  ty  of  ways.  One  pole  may  be  applied 
lo  the  OS  by  means  of  an  insulated  electrodi.*  with  a  metallic  btrlb 
(Vig.  log),  while  the  other,  wiiha  broad  electrode,  is  applied  lo  the  tack, 
or  on  the  hypogastric  region,  or  over  one  of  the  ovarie?.  Instead  of  a 
metullic  bulb  the  uterine  electrode  may  be  composed  if  branches  to 
clasp  the  cervix.  A  much  stronger  current  can  be  borne  at  ihc  cervix 
Ihan  would  be  supposed. 

A  method  of  faraclizing  the  ntertis  is  represented  in  the  accompanying 
cut  (Fig.  i2i). 

For  inira-uterine  faradization  wc  have  devised  an  intra-uterine  elec- 
trode which  Is  represented  in  the  cut.  The  basis  of  the  instrument  is 
similar  tu  Sinis's  sound.    This  is  insulated  with  varnish  up  to  within 
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three  inches  of  the  extremity  ;  the  handle  is  of  hard  rubber,  and  U  pro 
vided  with  a  hole  and  screw  for  fastening  the  connecting  wire  of  the 
apiiarattis,  and  a  button  connected  wiih  a  spi  ing,  by  means  nf  which  the 
connection  of  the  current  can  be  made  or  broken  at  pleasure.  The 
tuanifest  advantages  of  the  intenui>ter,  wliich  is  Miuilax  to  that  of  the 


Fig.  mi. 

Faradization  op  nii  UriRog. — One  or  ihe  poles  u  connected  whh  a  hirorcared 
electrode,  one  branch  of  whkh  is  placed  on  the  lumbiar,  and  ibe  other  on  the 
hjpofputric  Tcgion.  Tlie  nther  pule  it  i^pWeti  in  the  cervix  (or  at  the  <k)  by  on 
iniuUied  ulcrine  electrode.     (The  noimal  |)ouii<Mi  of  ibe  uterus  U  after  Widaod 

and  DubrLmy.) 


universal  electrode  holder  (Fig.  tiy),  is  that  it  dispenses  with  the 
necessity  of  wailing  until  the  instrument  ii  i»  si/u  before  connecting 
it  with  ibe  apparatus,  and  that  it  makes  it  convenient  lo  give  rapid 
interruptions  and  to  instantaneously  suspend  the  treatment  when  re- 
quired. 

When  proiwrly  curved,  this  electrode  may  be  tised  for  the  Iar}-nx. 

Fig.  124  represents  a  di)ii!)1e  intra-nieiine  electrode  which  allows  one 
pole  to  act  on  the  uuriiic  carat  aitU  the  other  on  ihc  us  vi^tcriiutu. 
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eleclrCHle  is  seen  in  position  with  the  ]X)fiitive  and  negative  alttcb- 
mcnts  at  its  lower  extremity. 

Concerniiij;  tliese  internal  applications  of  either  current  of  elec- 
tricity to  the  uterus,  ii  may  be  remarked: 

^rst. — That  in  those  cases  where  local  treatment  is  indicated, 
appIicatioDS  to  th^  cervix  6r  in  iht  titrrus  are  frequently  much  more 


Fig.  Mt 
Apostoli's  Bipolar  loira-Uterinc  Electrode  for  Faradk  Comnt. 

efTicacious  than  external  applications  even  with  the  strongest  currents. 
I'or  this  reason  it  is  necessary,  even  with  virgins,  to  insist  on  inicmal 
treatment,  esj>ecially  after  external  treatment  has  failed.  The  uterine 
electrode  (Fig.  122)  can  usually  be  inlroiluced  into  the  vaghuu 
readily  as  the  finger.  The  inlra-ulerine  electrode  can  be  introduced 
with  or  without  the  aid  of  a  speculum. 

The  other  pole  may  be  applied  to  the  back  or  alxlomen  by  means 
of  a  flat  metallic  surface  or  ptatc  covered  with  onoistened  sponge. 

Sectmd/y. — Jnicrnai  eUetritation  is  tu't  so  painful  as  extfmai 
Powerful  currents  can  be  borac  at  the  cervix  and  in  the  uterus  for 
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Apcistoli's  Bipolar  Vaginal  Elcclrmlc  for  Faradic  CurraiL 

a  long  time  withoitt  inconvenience.  Patients  usually  complain  more 
of  the  pain  beneath  the  electrode  whidi  is  apphcd  on  the  back  ur 
abdomen,  even  when  the  negative,  which  is  the  stronger  and  more 
painful,  is  applied  internally. 

yVitntfy. — fiither  current  may  he  used.  The  galvanic  as  well  as  the 
faradic  current  may  be  localized  in  the  uterus,  and  sometimes  it  is  much 
more  effective. 

Tlie  vagina  may  lie  treated  by  a  metallic  vaginal  electrode  (Fig. 
128)  unipolar  method,  with  which  either  tlie  positive  or  negative 
pole  may  be  connected,  or  by  the  electrode  Fig.  136  (bipolar  method). 
This  is  useful  in  vaginal  leu^rrAeta  and  prolapsus. 

For  these  local  applications  either  the  galvanic  or  faradic  currents 
may  be  used;  the  faradic  is  preferable  in  those  cases  where  muckait- 
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tinued  (or  from  five  to  fifteen  minutes.    Several  methods  may  be 
tried  at  each  sitting. 

Local  treatment  by  the  faradic  current  is  essentially  preventive 
in  its  action.  It  is  now  well  uuderslood  that  (he  great  majority  of 
uterine  inRammations  are  clue  to  circulatory  troiibWs  following  con- 

■  fincments  or  abortions.     There  is  an  arrest  of  the  retrograde  meta- 

■  morphosis,  atasis  of  the  circulation,  and  stt  bin  volution.     If  now  wc  can 
B  combat  this  slowness  of  the  circulation  much  is  done  toward  prevent- 

I  wbic 

■  snioi 

■  raas! 


Vaginal  ELeclrode  (Kidder). 


ing  subsequent  inflammation,  and  in  faradization  we  have  a.  remedy 
wbicb  does  this  most  effectually.  It  calls  into  contraction  the 
smooth  muscular  6brcs  of  the  uterus,  producing  a  snrt  of  interstitial 
massage,  hurries  the  circulation,  accelerates  the  absorption  of  exuda- 
tion, and  so  corrects  a  languid  or  per\-ertcd  nutrition. 
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Generai  and  Central  Treatmeni. — But  very  many,  perhaps  the 
majority  of  eases  of  fanctional  disease  of  these  organs,  le^uire  gfneral 
as  well  as  localized  electrization.  There  is  no  dcpaitaioDt  in  which 
Bu  many  inistultes  have  been  made  by  loo  exclusively  local  treatmcot 
as  in  that  of  gynaecology,  ^'a  case  ef  fumtional  disiurbattcf  ej  tfu 
uterur  sAnu/ii  be  abandoned  by  the  eUcfro-thcrapeutist  unHl  fit  ias 
fdilhfuUy  tried  generai  as  7oeU  as  external  t.nd  inienuU  ioealtztd  ttec^- 
%ati0H.  To  treat  symptoms  of  central  or  constitutional  diMurbancebjr 
merely  local  electrization  is  illogical  in  theory  and  unsalittfaciory  in 
practice.  All  the  organs  of  generation  in  woman  as  well  a&  tn  man 
can  be  affected  by  galv-anization  or  even  faradization  either  dtrtctljr 
or  rc6exly  along  the  spine.  A  strong  evidence  of  the  beneficial  re* 
suit  of  general  faradization  in  these  cases  is  (he  fact  that  patients 
undergoing  treatment  frequently  remark  that  their  inenges  are  in 
some  way  affected.  In  some  cases  they  arc  brought  on  before  their 
time,  in  others  much  increased  \\\  quantity.  So  frec|uently  does  this 
happen  tJiat  we  prefer  on  the  whole  to  suspend  the  treatment  during 
the  menstrual  periods  in  those  cases  where  no  therapeutical  effect  ii 
desired  on  the  sexual  organs. 

The  time  of  making  the  applications  is  not  unimport.int.  It  is  an 
advantage,  in  araenorrhoea  at  least,  to  concentrate  as  many  applica- 
tions as  )>ossible  during  the  few  days  that  precede  the  appearance  of^  the 
menses.  And  yet  the  advantage  of  this  is  hanlly  as  great  as  has  been 
sup|xjscd.  The  great  thing  in  all  but  recent  and  temporair  t.uc*  ts  to 
remove  the  aneemia  or  chlorosis,  or  oervoui  exhaustion  with  which  the 
mcnslrual  disorder  is  as-sorlated,  an<1  of  which  it  is  a  prominent  factor. 
Another  suggestive  consideration  is  that  the  menstrual  flow  may  be 
brought  on  or  increased  through  r^r-jr  ff^-Zwn  by  localised  electrixat>on 
of  other  and  distant  jmrtJons  of  the  body,  as  the  hands,  feet,  cliest,  clc 

Treatment  of  the  Uterus  hy  the  Gah'ante  Current. — As  in  the  use  ol 
the  fjrailic  current  the  local  treatment  may  be  both  external  and  in- 
ternal, together  wiih  the  central  method  (cenlrxl  galvanization),  which 
is  to  the  galvanic  what  the  general  method  (general  faradixation}  ts  to 
the  faradic  current. 

To  Apostoli,  of  Paris,  belongs  the  credit  of  boldly  overstepping  tlie 
liounds  thought  to  be  safe  in  treating  the  uterus  and  lis  a|»|>rndaj{es  b; 
the  galvanic  current  and  using  currents  of  great  jKiwer.  i-luherto,  one 
i  tiportant  tlcfect  in  the  treatment  of  various  uterine  diseases,  and 
e«[)ecially  morbid  growths,  has  been  the  use  of  too  weak  currents. 
Thi-(  has  b'en  due  partially  perhaps  ti  a  commendable  caution  in  deaU 
iiig  wtt'.i  an  a^crit  so  pocnl  as  cleciricity,  but  more,  tu  our  lack  di 
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(1c6ii!t<  knowledge  of  (he  amount  of  cunenl  strength  needed  to  ac- 
complUh  certain  ends,  and  our  inability  to  readily  CDmmand  more  than 
a  certain  limited  workinjf  power  from  the  a|>paratus  in  crdinaiy  use. 
A  lliltd  obstacle  was  ihc  absence  of  any  insliuntcnt  by  which  the  cur- 
rent  could  be  accurately  measured,  and  this,  to  the  novice,  was  a  de- 
fect practically  insurmountable  in  his  cfTarls  fur  anylhing  tike  uniform 
results. 

'I'hc  improved  niillianii>cremcter  (Fi^  65)  has  overcome  this  diffj- 
cutty,  and  is  indispensable  in  all  elect ro^urgtcal  operations,  besides 
being  a  vast  aid  in  all  electrical  applications.  Instead  of  a  Bircrgth  of 
current  rqual  to  only  ten  tu  thirty  milliani|>crc*i,  which  was  cotnniunly 
used,  and  which  indeed  was  all  that  could  be  obtained  from  the  appli- 
ances  in  use,  it  is  now  no  uncommon  thing  to  use  currents  eren  of 
several  hundred  degrees  of  strength.  For  this  purpose  the  external 
electrode  uiiist  not  only  be  material  of  tlie  best  conduction  posvible, 
but  of  suitable  sixe  and  sufficiently  dexiblc  to  be  perfectly  adjusted  to 
every  inequality  of  snrface  which  it  covers.  The  strength  of  current 
from  a  given  number  of  cells  is  directly  in  proportion  lo  ihe  size  of  ihe 
electrodes.  Thus,  if  from  a  scritrs  of  cells,  fifty  in  number,  we  obtain, 
when  Ihe  current  is  parsed  through  electrodes  of  a  certam  sizr,  a 
strength  uf  lifly  tiiiltianiperes,  electrotles  of  siiitilar  jmttcrn,  but  double 
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Apostoti's  PUtinum  Electrode  for  Calvtno  Pancrarc  in  the  Treatment  of  Fibroid 

and  Cystic  Tumors. 

the  siic  will  yield  a  current  strength  of  one  hundred  milliaDi|>ire5. 
As  to  the  quality  of  the  electroiles — sponges  are  too  bulky  and  offer 

t  great  resistance  when  our  object  is  strength  o!  current. 
As  a  substitute,  Apostoli  uses  sculptor's  clay  held  in  place  bjr 


Pic.  t}^. 
Rockwell's  Intr.a-Ulcrine  Electrode  for  Galrantc  Current. 


gauze,  Fig.  13s.  This  material  holds  moisture  fairly  well,  can  be 
adapted  closely  to  the  skin,  and  is  undoubtedly  an  admirable  elec* 
trodc.  An  electrode  that  answers  well,  however,  for  the  ordtoaiy 
purposes  of  local  application,  consists  of  layers  of  absorbent  cotton 
spread  smoothly  over  flexible  metal  backs  of  varying  size.  Fig.  133. 
The  material  is  easily  obtained,  and  so  inexpensive  as  to  warrant 


and  needles  of  varying  sizes  for  electro-puncture.  Fig.  129.     U  should 
ever  be  borne  in  mind  that  when  the  |>ositive  pole  is  applied  to  ilie 
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Fr>-'sIiitni-UieHne  Elecnv^c  for  Stcnoiti. 

interior  of  the  uterus  the  metal  used  should  be  of  some  non*oxtdin- 
ble  racial,  such  as  platinum  or  gold. 
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Amtnorrhaa. — In  its  relations  to  those  three  cardinal  syraptoms  of 
tleranget!  nienstrualton,  anicnorrh<.ca,  dysmcnorrhoia,  and  tnenorrhagin, 
electricity  was  as  capricious  and  paradoxical  as  it  sometimes  proved 
to  be  in  its  Application  to  certain  nervous  derangements. 

Il  would  excite  the  menstrual  flow  when  absent,  decrease  it  when 
profuse,  and  temporarily  and  sometimes  permanently  relieve  ihc  pain 
that  might  be  attendant  upon  these  conditions,  and  theo  again  in  other 
cases  wotdd  fail  utterly  to  accomplL&h  what  previous  experience  had 
given  us  every  reason  to  expect.  Its  action  was  a  secniitvg  paradox, 
in  that  it  relieved  diametrically  opposite  conditions,  and  ivas  capricious 
becauss  at  one  time  it  would  relieve,  and  at  another  fail  to  do  so. 

As  a  matter  of  fact,  however,  the  remedy  is  neither  capricious  nor 
paradoxical  in  its  action. 

It  works  in  accordance  with  certain  5xed  laws,  and  its  chemical  ac- 
tivity is  under  such  perfect  control  that  it  will  perform  for  us  the  exact 
measure  of  work  desired,  so  that  now,  with  our  better  knowledge  of  its 
physics  and  its  jihysiology,  and  by  the  aid  of  correct  current  measure- 
ments and  electrodes  properly  adapted,  it  is  poi-ible  to  obtain  far  bel- 
ter results  in  the  future  than  in  the  past.  The  seeniirgly  capricious 
action  of  elcciricity  then,  in  conditions  of  disordered  menstruation,  is 
in  great  measure  due  to  our  imperfect  knowledge  of  the  various  factors 
that  go  to  make  up  these  morbid  states,  and  as  increasing  knowledge 
enables  us  to  fit  more  accurately  ihe  remedy  to  the  disease,  so  shall  we 
with  greater  certainty  be  able  to  diffirenliate  between  those nicrs'rualde- 
rangenienis  which  can,  and  those  which  cannot,  be  cured  by  electricity. 

In  amenorrhea  electricity  Js  more  es|)eciany  iiuHcalcd  in  those 
cases  that  arc  dependent  on  some  constitutional  cause  associated  with 
chlorosis,  and  upon  imperfect  develo[>nient  or  atrophy  of  tlie  urganii 
of  generation.  It  is  needless  for  mc  to  say  that  in  chlorosis  and 
anreiiia,  amcnorrhoei  is  (he  natural  condition,  and  etTorts  to  force  the 
menses  by  any  form  of  local  treatment  would  be  entirely  out  of  place. 
On  the  contrary,  it  is,  I  betievet  understood  that  when  menstruation 
persists,  along  with  a  decided  arscinic  condition,  the  lining  ineitibrane 
of  ihe  uterus  may  ttself  be  diseased,  and  call  for  local  treatment  for 
the  purpose  of  J'/o//^/q^  the  flow.  It  is  in  amenorrhoea  existing  as  a 
symptom  of  anaemia  that  electricity,  Ihrougl)  genera,!  and  not  local 
methods  of  application,  is  especially  indicated.  It  is  not  to  be  used 
to  the  exclusion  of  iron  and  other  tonics,  but  in  conjunction  wilh  them. 
Treated  in  this  way,  ca^cs  of  long-standing  anxmia,  with  their  asso- 
ciated sym|)tom,  anen  )rrhce.'i,  will  recover  far  more  rapidly  than  when 
interoal  medication  alone  is  relied  upon.     Great  mistakes  are  com- 


56o  DISEASES  OF  WOMEN. 

mitted  in  the  treatment  by  electriciiy  of  amenorrhea  associated  with 
anemia,  in  applying  the  galvanic  current  directly  to  the  uterus. 

Localized  galvanizalion  is  not  indicated  in  these  cases ;  on  the  con- 
trary, as  I  have  liad  abundant  occasion  to  observe,  it  tends  to  indoce 
a  condition  of  nervous  irritation  that  is  exceedingly  unpleasaor.  It  is 
in  these  conditions  of  amenonhcea,  when  the  patient  is  weak  and 
■nscmic,  with  perhaps  other  indications  of  constitulional  dtiturbance, 
that  the  faradic  current  is  strongly  indicated  over  the  galvanic. 

On  the  other  hind,  in  those  cases  of  amenorrhuca  where  the  itatieots 
are  robust  and  of  full  habit^  galvanism  is  likely  to  be  of  far  greater 
service  than  either  the  faradic  current  or  Frank  linic  electricity. 

Another  well-recognized  cattse  of  anienorrhcea  ts  atrophy,  as  well  as 
arrested  development  of  the  utems.  The  well  known  power  of  elec- 
tricity to  variously  modify  nuiriiion  would  indicate  its  use  in  ibeM 
conditions  ;  practically,  I  have  found  it  to  be  efficacious  in  several 
cases,  and  see  no  reason  why  it  should  not  always  be  of  more  or  led 
service.  In  super-involution  also  it  may  be  tried  with  expcctalioi)  of 
success,  provided  there  is  evidence  of  active  ovulation. 

If  there  are  no  stich  evidences  the  probabilities  are  thai  neither 
electricity  nor  any  other  remedy  will  be  of  service. 

Dr.  Fordyce  Barker  has  enumerated  the  following  symptoms,  at  or 
near  the  menstrual  period,  as  evidence  of  the  existence  of  ovulation  a^ 
sociated  with  siiper-involuliun :  intense  headache,  flushing  uf  the  fjce 
and  congestion  of  the  eye,  pelvic  pain  and  sense  of  dragging,  wj  Ji  nautca, 
vomiting,  etc.  It  is  interesting  to  note  that  in  the  single  case  of  sapet- 
involutiun  that  I  have  successfully  treated,  all  of  these  disturbing  symp- 
toms were  present,  and  all  disappeared  with  the  return  of  nicnstittatiofi, 

I  may  add  that  in  this  case  the  condition  followed  a  dangerous  anJ 
difficult  labor.  For  two  years  menstruation  had  appeared  but  once  or 
twice,  and  upon  measurement  the  uterus  was  found  to  be  but  one  and 
three-fourths  of  an  inch  in  length. 

Dysmenorrhaa. — Speaking  from  no  inconsiderable  exiietience  in  the 
treatment  of  the  disorders  of  nicnstniatian,  I  cuntidenlly  assert  thil 
the  greater  number  of  cases  cf  dysmenorrhcea,  taking  the  cases  as  He 
6nd  them  in  ordinary  practice,  can  be  very  much  relieved  by  electric* 
ily,  and  many  of  them  i>crmancnily  cured.  Obstruction  to  the  free 
tlow  of  blood  must  be  regarded  as  the  main  cause  of  |>ainful  menstnu- 
lion,  and  when  this  obstruction  is  due  to  mechanical  causes,  such  ta 
stenosis,  the  electrolytic  method  is  to  be  used. 

In  the  vast  majority  of  ca^c^  however,  while  there  may  be  often 
fjund  changes  in  the  lining  membrane  of  the  uterus,  there  yet  rxi^its 
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no  asriom  atructural  ctimge  or  mechanical  obstruction.  Whatevtr 
'  the  contlilion  of  the  cndometrtuni  which  fails  to  allow  the  fre*?  flow  of 
blooO  into  the  cavity  of  ihc  uterus,  thus  causing  distention  aiul  t'ress- 
ure,  with  pain  of  greater  or  less  severity,  the  free  and  steady  flow  of 
the  galvanic  rurrent  through  the  uterine  organs  is  most  efficacious  in 
relieving  ihis  congestion  anil  preventing  pain. 

It  should  bf:  applied  just  before  menstruation,  and  repeated  every 
day,  if  necessary,  until  the  flow  ap|>ears.  In  those  cases  where  there 
it  usnally  a  long  struggle  and  great  delay,  t  have  by  Iliese  applications 
frequently  caused  the  menses  to  appear  promptly  on  time,  and  Milhout 
the  slightest  suggestion  of  pain. 

The  faradic  current  will  occasionally  relieve  dysmenorrhcci,  but  for 
obvious  reasons  it  has  no  such  influence  over  the  condition  as  j.>a1v3n- 
ism.  Another  cause  of  dysmenorrhoca,  for  the  relief  of  which  I  have 
good  reason  to  |dace  great  faith  in  (he  absorptive  action  of  the  gaU 
vanic  current,  is  the  pressure  occat'ioned  by  the  exudations  rullowing 
attacks  of  pelvic  cellulitis.  In  these  cases  ihe  treatment  must  often 
be  prolonged,  and  months  may  be  consumed  in  ihe  efforts  to  dissolve 
the  products  of  exudation,  but  the  results  that  follow  more  than  com- 
pensate for  the  lime  and  trouble  expended. 

Mtnprrhaf^ia. — The  medical  use  of  electricity  has  no  such  influence 
over  excessive  as  it  has  over  painful  menstruation,  although  electro- 
lytic treatment  where  uterine  fibroids  or  polypi  arc  the  causes  not  in- 
frequently effects  most  marvellous  changes.  1  have,  however,  met  sev- 
eral cases  of  menorrhagia  occurring  toward  the  decline  of  sexual 
activity,  where  siniiile  externn.1  applications  by  the  mclhod  of  general 
faradization  have  proven  most  effective  measures  of  relief.  These 
cases  are  generally  associated  with  constipation,  torpidity  of  the  liver, 
and  often  with  nervous  exhaustion,  and  the  indications  are  excellently 
met  by  the  powerful  constitutional  effects  of  this  most  valuable  method 
of  treatment. 

When  discussing  the  subject  of  electricity  my  inclination  Is  always 
to  dwell  upon  and  emphasize  the  importance  of  general  faradization. 

For  twenty  years  it  has  been  an  indispensable  pait  of  my  practice, 
and  the  enunciation  that  I  then  and  have  since  made  of  its  range  of 
usefulness,  I  see  no  reason  now  10  change.  It  is  an  oIJ  stnry,  and  I 
will  not  further  dwell  upon  it,  but  would  urge  everj'one  who  uses  elec- 
tricity at  all  to  make  himself  fj.iiiiliar  wilh  the  rational  motius  operandi 
and  efTvcts  ol  general  faradization. 

Chronic  Pelvic  Cellulitis. — -In  t^ie  sequela:  of  pelvic  ccllnlilis  the 
application  uf  the  galvanic  cuirent  is  ofit-n  followed  by  the  most  satis- 
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factory  results.  Kor  the  absorption  of  old  exudations  in  othrr  part«o( 
tlie  body  this  form  orelecliicity  has  long  been  known  to  be  most  effi- 
cacious, but  only  within  a  compaintively  recent  period  has  it  been 
tested  in  ihe  thickening  and  infiltration  resulting  from  inilariiination  uf 
the  pelvic  cellular  tissue.  The  negative  pole,  consisting  of  a  meul 
bjll,  or,  in  some  cases,  better  still,  of  a  concave  metal  clasp,  is  to  be 
used  internally,  and  directly  to  the  part  affected,  while  the  positive  ii 
applied  externally.  If  the  metal  electrode  is  applied  without  the  in- 
tervention of  a  sponge  or  chamois  covering,  care  should  be  taken  not 
to  use  currents  sufiicicnlly  strong  to  produce  eschars. 

'I'his  mishap  may  occur  even  without  the  knowledge  of  the  patient 
at  the  lime,  and  in  the  beginning  it  is  safer  to  use  a  covered  elec- 
trode. 

This  treatment,  judiciously  and  persistently  carried  out,  has  resulieil 
not  only  in  the  absoiption  of  large  pelvic  deposits,  but  in  the  cure  ol 
the  most  severe  and  obstinate  sciatica,  and  in  the  restoration  of  power 
to  paralyzed  limbs.  In  such  cases  both  sciatica  and  paralysis  are 
caused  undoubtedly  by  pressure  of  the  exudations  upon  the  pelvic  6oor, 
and  can  be  relieved  only  through  the  dissipation  of  the  morbid  prod- 
ucts. 

Chronie  pthtk  etUsilitit  Reducing  dysmenorrAaa,  mrnarrAagia,  SH^mamy  lurrtu 
tymf^mt — Ahivrplhn  c/  iht  exmlaiion  ami  rnavery  umitr  tht  gah-emH  twrrmt 

Case  CXVIt).— Mrs.  K ,  ngjeA  29,  wu.  muikd  at  the  kgc  of  i2,  and  bid 

given  liirlh  to  three  chiklrea. 

After  the  Inrlh  of  the  bst,  tbm  ysaxt  ii(^  the  suflered  frara  aevetal  numowry  ab- 
•ceisci,  and  alw  from  an  attack  of  [<iric  l-cIIuUiU. 

After  (he  lap«e  of  eighteen  inonthi  her  menses  came  on,  and  have  uncc  appeared  al 
trrcgulnr  intervals.  Ixing  »otactune»  acanty  atii  Miuclimei  profutc.  an<l  alMraj^  at- 
leadetl  with  ciceWre  pain.  Ande  from  these  local  sjrmplains  the  paiU-nt  wa*  ha 
frooi  well,  complaining  of  an  aragy  of  »}'ni]itoa»,  nearly  all  referable  to  ilie  oer*oM 
syttem. 

She  was  tlccpless,  hysterical,  despondent,  and  u-ai,  according  to  the  phyatdan  v^ 
tier  whose  care  >he  ha<l  1>een  for  the  pecvioufc  ux  mDaIh«,  and  who,  ttraoBe  to  iqr, 
had  never  inadc  an  iaicmal  examination,  Minply  **  netira»t)icnie.'* 

I  found  an  cnlari.'ed  uterus  "'^d  hidurationi  almoxl  encircling  the  o«  nnd  extcadbif 
along  the  ]>elvic  Hoor.  Covering  the  internal  electrode  (negative  pole)  iriih  «  aift- 
iicni  t.-ij-cr  or  abftor'xnt  coilon.  I  applied  it  la  the  diM^ase<l  porls,  pUung  i!ie  flat  C»- 
lemal  eJeclrwde  (dimenyonH  four  t>y  mx  inches)  over  the  abdomen.  With  the  elec- 
trodes thus  in  poiiiion,  I  hlnvrly  incfcascd  the  strength  of  the  current  from  twenty  to 
fifty  milliampercs  cuntinuing  the  application  for  ten  minutes. 

This  the  bore  very  well,  m  that  fiom  time  to  lime  the  strength  was  incrCHai,  an. 
tit,  occauoaally  for  n  very  brief  period,  ahe  woold  receive  as  high  as  one  hundred  nOly 
ampaei. 
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Thin  pitient  wai  untUt  my  care  for  four  months,  and  recciveil  sutne  f^«rty-five  ap- 

plKatioos  simiUu-  to  those  described.     After  tl»c  adminUliatiun  of  %ix  u(  ihcic  njipli- 

cAtioni  an  entirely  painless  menMrnation  occiKreil,  and  cwry  metiKintnlion  Mttce  h» 

been  of  tlie  Mine  character.     Not  oitty  bu  the  dymicnorrba^a  been  mbdued,  but  tfac 

H     cuUfKii  come  on  wilh  a  rvA^onable  defpve  of  regnlariiy,  and  are  nearly  normal  in  ap- 

^^    [CATance  an<[  qunnitty.     The  esutlaiions  have  in  gTcal  tiieosure  duappeatci  by  alt- 

^■^fcption,  uidfiari/,ijjit  the  conttitaitonal  symptoius  improved. 

^m  Fihroiii  Tumors. — It  is  in  the  treatment  of  fibroid  tumors  of  the 
V^  menis  by  electrolysis  ihat  the  new  departure  in  regard  to  greatly  in- 
I    creasc<l  slrenglli  of  current  is  more  especially  applicable.     If  the  tumor 

is  in  a  position  10  be  rcidily  reached,  there  is  no  question  of  the  pro* 
^m  priely  of  resorting  to  eIeclro<]>unctuTe,  nor  of  its  good  effects,  any 
H    more  than  there  is  of  the  results  that  may  follow  simple  local  galvaniza- 

lion.     The  diff^Ti'nce  between  the  two  is,  that  local  galvanization  of 

•  the  tumor  is  a  slow  and  tedious  method,  occupying  months  to  accom- 
plish even  a  small  redticlion,  while  electro-puncture  produces  far  ureater 
effects  in  a  much  shorter  space  of  time.  It  is  almost  incredible  how 
many  symptoms  sometimes  disappear  after  the  very  slightest  reduction 
■  in  the  size  of  a  fibroid  tumor,  or  of  an  enlarged  uterus,  or  of  the  prod- 
ucts of  inflsmmalion,  and  for  this  reason  the  simpler,  safer,  and  less 
disagreeable  procedure  is  by  no  means  to  be  despised,  when  fur  any 
reason  whatever  the  other  ii  not  feasible.  I  have  seen  a  good  number 
of  cases,  where  difTicnlty  and  pain  on  niicturiiion,  due  to  pressure  on 
the  neck  of  ihe  bladder,  rectal  difficulties  due  to  pressure  there,  dyJ- 
menorrhcea  and  nienorrhagia,  together  wilh  other  pains,  and  impaired 
locomotion,  have  been  cither  cured,  or  greatly  allevialed  by  simple 
local  galvanisation,  which  has  only  succeeded  in  dissipating  a  fuiall 
fraction  of  llie  siip[>ose<1  cause  of  these  symptoms. 

Nor  will  electro -puncture,  aa  a  rule,  entirely  dissipate  a  fibroid  lu- 
lUOT,  although  it  will  reduce  it  far  more  than  the  simpler  method.  Bui 
if  it  will  not  entirely  dissipate  it,  it  will,  to  use  an  cxpressi%-c  term,  so 
shrivel  it  that  it  becomes  ipiite  harmless,  and  the  patient  symptomatic- 
ally  cured. 

In  the  treatment  of  fibroid  tumors  then,  the  following  suggestions 
may  prove  of  service.  The  first  requisite,  of  course,  is  an  apparatus 
with  a  siiflicient  number  ofcelU,  needles  for  introduction  into  the  tu* 
nior,  and  a  ]>roper  external  electrode.  The  second  requisite  is  a  inilli- 
amperemeter,  with  a  registration  of  over  a  hundred,  and  at  the  same 
time,  if  possible,  one  that  docs  not  oscillate  so  persistently  as  those  in 
common  use. 

Excepting  in  those  cases  where  the  object  is  to  control  hasmorrhage, 
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the  needles  sIiouUl  be  attached  to  the  negative  polej  while  the  I'osit've 
]>olc,  Ttir  applicauon  over  ihc  abduinen,  tlioulil  consist  of  an  electrode 
similar  to  those  ihit  have  been  already  referred  to. 

Thohc  tlut  1  have  more  recently  used  conbist  of  a  desible  tuelal 
back,  five  inches  wide  by  eight  long,  and  covered  by  several  layers  of 
absorbent  cotton,  so  as  to  present  a  iterfecily  smooth  and  even  sur- 
face, t 

This  is  placed  upon  the  abdomen,  and  may  be  pressed  upon  and 
kept  in  [wsiiion  by  the  hand  of  the  patient  herself,  if  no  assistant  i* 
present.  The  needle  or  needles  are  now  introduced  into  the  litmor, 
and  ihc  current  gradually  increased  without  interruption,  oniil  the  re* 
quired  strength  is  ublained. 

I  hive  myself  never  used  more  than  a  hundred  and  fift)*  milliam- 
]>eres,  although  Aposioli  and  some  others  have  used  currents  consider- 
ably higher  in  tension. 

The  duration  of  the  stance  may  be  from  five  to  ten  minutes,  and 
even  longer,  if  the  patient  bears  It  well.  Too  rr^uch  stress  cannot  be 
laid  upon  the  necessity  of  an  entire  absence  of  any  intcmi|)tion  of  the 
current  during  the  treatment.  In  trivial  operations,  where  the  tension 
is  slight,  this  is  not  of  such  vital  imjiortance,  but  tn  the  treatment  of 
condition  whr re  a  very  great  slrctrgih  of  current  is  necessary,  a  shock 
would  decidedly  disturb  a  patient  of  even  strong  neive,  and  inflict  seri- 
ous damage  on  many.  No  one  would  willingly  do  this,  but  there  are 
so  many  possible  disluibing  factors  to  the  steady  woiking  of  the  cur- 
rent, that  (rum  my  personal  knowledge  of  the  condition  in  which  phy- 
sicians loo  frrquenlly  keep  their  electrical  apparatus  a*ul  appliance;, 
these  interruptions  are  liable  to  occur  at  any  moment,  and  when  least 
expected  or  desired.  It  is  to  be  doubted  whether  many  patients  would 
submit  themselves  to  a  second  trial  after  having  received  a  shock  from 
a  current  strength  of  one  hundred  milliam^jcres. 

While  the  treatment  of  fibroid  tumors  by  electro  puncture  is 
liable  to  be  attended  with  more  unpleasant  results,  it  is  no  more 
efficient  in  many  cases  of  uterine  myomata  than  the  more  aimple 
method  of  intra-uterine  applications,  and  in  our  opinion  the  latter 
method  should,  as  a  rule,  be  attempted  before  rcsortmg  to  puncture. 
If,  indeed,  in  any  case  of  intra>mural  fibroid  it  ts  impossible  to  enter 
the  cavity  with  our  electrode,  or  when  a  sub-peritoneal  tumor  is  so 
situated  as  lo  be  beyond  the  effects  of  inira-uterinc  applications;  in 
these  emergencies,  puncture  is  of  course  the  only  choice.  Punctures 
may  be  made  eitlier  ihiuugh  the  vagina  or  abdomen.  The  former 
method  is  generally  preferred.      In   the  intra-uterine  trcatmeni  of 
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fibroids,  the  strength  of  current  that  may  he  used  varies  from  30  to 
150  rcilliamptrcs,  ami  the  negative  pole,  because  of  its  sui>erior  ab- 
sorptive properties,  is  to  be  preferred.  In  licmorrhagic  cases  the 
positive  pole  h  indicated  and  it  cannot  be  too  often  repeate<l  thai, 
with  this  pole,  jjUtioum  or  some  other  non-ox idizable  electrode 
should  alwaj-s  be  used. 

Cati «/  a  yl^rtiif  tumor  atiixiateii  with  dysmtnorrhaa,  meti^riiigia,  aiiJ  many 

fitrveut  lymfH^mi — EIrtlrQ-pimrture  with  eurrenU  efone  hundred  mtliiamftrii 

grettlly  reiltiftt  Ihi  gi-ouHh  end  fradkaliy  mret  tkt  mtnttrual  diiturbatHtt  and 

auMtiUfd  eonjtitutienal  symptoms. 

C*SK  CXIX,— Mri.  At ,  aged  29,  coDwIletl  me,  M«r  2d  uf  lite  iirocnt  rear,  fur 

symptonis  oltiw  ilian  uterine.  She  HuRereJ  a  good  (t;al  from  neurali-ia.  uid  wu  de* 
ciJedly  anmnic,  aiw)  in  a  pour  cmililiun  gciieratly.  She  complaiiicj  tif  Icucorrhar.-i, 
and  an  irregular  and  unutinraclory  meniitruaiior,  liiat  •maa.  ukually  niiemted  with 
much  paiii  and  hii  exircvtive  lli^.v.  She  iriudeniallj'  iitcnituiied  thai  >Iic  hail  a  tunHjr) 
Init  cuppoted  nothing  cuuM  lie  done  for  it. 

I  examined  her  ai)d  found  wliat  apiieared  to  me  Co  be  a  «uhniucuuii  fi'itonl.  thai 
had  diitei\d<d  the  uEcnia  in  a  contiiderable  degree.  I  firii  intruduccd  tnlo  liie  vai^it.i 
a  raetal  elNtrwle  prujierly  cumed,  oikI  coticciilralcd  a  cvircnt  uf  fifty  and  fitiaDy  uf 
Mventy  fiifc  inilliampcre*,  a*  nearly  as  pciKuMe  ilin>ug!i  the  fiVoid  iiiasi.  Ttiti  I  re- 
peated twice  a  week  iot  a  monlli,  and  aEl)ioti<:;!i  tlic  .ippredalile  'Itmiiiutlon  Jti  size 
was  but  ■'er  >'  ilight  inleed.  tbere  u  a«  nn  undoubted  tniprovemeiit  in  ttic  character  of 
the  ivo  men^niaiinns  th.K  uccurreJ  in  the  meantime. 

I  now  inlrodiicod  a  needle,  itiuiluted  to  Mitltiii  half  an  inch  of  the  puini,  weil  into 
the  inmnr,  plndng  the  Iiroad  external  elecErixlc  over  the  alN!tiineti.  The  »Kdle  wa* 
connected  u-iUi  the  Rci;ative  j>ale,  and  the  btrcn^lli  of  current  giadiuUy  incieaxd  tu 
fifty  tniiliainjicrci. 

One  week  subsequently  I  uwd  a  current  of  seventy  •five,  incrca»ing  it  at  the  third 
tfc&Itnent  lo  one  hundred  milliannpercs.  At  intervals  al  a  wecl:  I  made  f.xir  more 
applications  Mmilar  to  the  Last,  with  the  r««ult  of  »o  reilucing  llie  sue  of  tlie  lunor 
ai  to  lead  me  to  the  belief  that  it  was  not  more  than  one-half  iis  orij;inal  »iie,  I 
then  fiiitnd  ii  dinicult  lu  further  u^e  the  needles,  and  for  two  months  more  rekOitcJ 
every  few  days  to  ap^IicatiuiiT  «Ut;li  as  were  fust  attempted.  This  patient  may  now 
lie  ecnudcred  well  so  far  as  lier  symptoms  are  concerned.  The  tumor  has  l)y  n» 
meant  entirely  ilisa|>|teared,  but  alie  suflfera  no  more  cither  from  dysmenorrliora  cr 
menorrha^ia,  and  can  freely  engage  in  excrctae  and  manual  labor,  &lmoiit  e4ual  to  ber 
best  days. 

Ckronie  Metritis.— 'Y\\ii.  vihic  of  intra-utcrinc  applications  of  the 
galvanic  current  in  the  various  stages  of  metritis  ha.s  been  so 
I  horoiiglily  tested  as  to  be  no  lonyera  matter  of  doubt.  According  to 
Apostoli,  the  idea  in  these  operations  is  to  destroy  the  miKious  roetn- 
brane,  and  prijduce  a  healthy  derivation. 

The    faradic    c'jrrent    which    is   so   valuable   in    simple    uterine 
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engorgements  fallowing  abortions^  and  perhaps  in  the  earliest  stages 
metritis,  becomes  useless  in  the  presence  of  parenchymatous  melntit. 

The  chemical  action  of  the  galvanic  cunent  is  alone  serviceable 
in  these  cases,  .\s  in  the  treatment  of  fibroids,  powerful  currents  are 
demanded,  varying  in  strengtli  from  50  to  150  milltainp&res.  Some 
good  form  of  rheostat  should  be  used,  and  as  the  cunent  is  gradually 
increa&ed  and  decreased,  the  utmost  care  should  be  exercised  to  avoid 
shocks.  The  operation  is  not  electrolysis  proper,  but  more  conectljr 
a  cheniica.1  galvano-cautertzation.  The  choice  of  the  intra-uterioe 
pole  will  be  determined  by  the  symptoms  in  each  iadividual  case.  At 
the  positive  pole,  the  acids  and  oxygen  accunmiale.  This  pole  u 
therefore  coagulating  and  haemostatic,  and  is  indicated  in  all  forras 
of  hemorrhages  and  abnormal  discharges.  Another  advantage  pos- 
sessed by  this  in  hemorrhagic  conditions  is  due  to  the  greater  retrac- 
tibility  cif  the  positive  cicatrices  which  tend  to  prevent  a  return  of 
the  hemorrhages.  At  the  negative  pole,  alkalies  accumulate,  produc- 
ing some  of  the  effects  of  caustic  potash.  It  is  sometimes  called  the 
fluidifying  pole  and  is  more  especially  indicated  in  the  non-hemor* 
ihagic  {(inns  of  metritis.  Beyond  anything  else  it  is  the  remedy  for 
old,  atrophic,  or  Indurated  forms  of  clironic  mentis,  where  the  coa- 
junctivt;  tissue  has  become  hard,  fibrous,  and  devoid  of  blood.  Far 
more  effectually  than  the  positive  [jole,  it  excites  the  languid  or  per- 
verted uic-rine  circulation  and  restores  the  menstrual  flow.  Tl.e 
caution,  never  to  use  with  the  positive  pole  in  intra-uterine  applica- 
tions any  steel  or  other  oxidizable  electrode  cannot  be  loo  strongly 
emphasized. 

Platinum  is  to  be  preferred  and  although  it  is  expensive  it  never 
wears  out.  A  cheaper  form  of  electrode  is  made  of  carbon,  so 
thoroughly  pohsheil  as  to  render  it  non-irritant,  or  of  steel  subjected 
to  certain  processes  by  hydrogen,  which  renders  it  non -oxidizable. 
In  lime,  however,  both  of  these  materials  become  roughened  through 
the  constant  action  of  the  liberated  oxygen. 

Per  -uterine  Hicmafoce/e. — These  tumors  have  been  treated  succns- 
fully  by  Apostoli  by  means  of  the  chemical  caustic  action  of  the  nega- 
tive pole.  A  non-rc tractile  fistula  is  thus  made,  the  tendency  of  which 
is  to  remai'i  ojien  and  with  adhesions  between  the  pathcilf^cal  ctvitr 
and  the  external  mucous  membrane.  The  nutrition  of  these  jKitboIogi- 
cal  cavities  Is  modified  by  (he  electrolytic  action,  and  leads  to  rapid 
retrograde  metamorphosis.  The  method  is  quick  in  its  action,  and  he 
claims  (or  it  perfect  safety. 
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Uterine  Hyperplasia, — In  the  treatment  of  this  ordinarily  intraciible 
condition  the  i>crsistcnt  use  of  the  galvanic  current  accomplishes  much. 
Bath  intra-  ami  extra-uterine  applications  may  be  used,  but  the  latter 
are  quite  as  efHcient  as  the  former,  and  less  liable  to  produce  unpleas- 
ant cffcxls.  liy  applying  the  electrode  to  the  cervix^  and  as  closely  as 
possible  to  the  body  of  the  uterus,  without  entering  the  cavity,  we  do 
not  indetf<I  get  as  direct  an  etTuct  as  by  tntra-utcnnc  a  ppt  leal  ions,  but 
this  disadvantage  is  more  than  balanced  by  the  far  greater  strength  of 
current  tint  can  b::  used.  Klectroiysi5,  however,  is  Uie  most  effective 
method.  One  or  two  needles  may  b:  thrust  into  the  hardened  tissues 
parallel  to  the  cinal,  and  a  current  of  from  fifty  to  aeventy-fivc  tnilli- 
anipcrcs  used. 

Stermsis  of  the  Uterine  CaruU. — In  stenosis  of  the  uterine  canal  the 
action  of  the  galvanic  current  is  most  valuable,  and  in  many  cases  is 
sufTicient  to  afford  complete  relief.  A  sound  of  the  proper  size  (Fig. 
134)  having  been  introduced,  it  is  connected  with  the  negative  pole, 
the  positive  being  applied  to  the  abdomen. 

A  strength  of  from  fifty  to  seventy-five  milliamptres,  continued 
for  five  minutes,  will,  as  a  rule,  be  found  sufficient.  In  my  own  cases 
the  number  of  applications  itiat  were  found  ncccss4r>-  to  effect  a  per- 
manent cure  ranged  from  six  to  twenty-five. 

Oi'arit/xia.^lt  is  often  most  difficult  to  accurately  localize  intra- 
peUic  pain.,  or  to  determine  its  cause,  but  wc  have  in  the  induced 
currem  of  tension  and  the  bipolar  method  most  effective  remedies. 
Currents  of  quantity  which  act  mainly  on  the  motor  nerves  of  the 
uterus  and  vagina  simply  increase  the  pain.  The  current  of  tension, 
however,  with  little  power  to  induce  uterine  contractions,  acts  some- 
times with  almost  magical  effect  in  relieving  the  moat  severe  inter- 
pelvic  pain.     (Sl-c  page  412.) 

Subim-olution  and  Atrophy, — Both  subinvolution  and  atrophy  of 
the  uterus  arc  amenable  to  treatment  by  electricity.  Jn  reference  to 
the  kind  of  clectricUy  to  be  employed  the  galvanic  current  is  un- 
doubtedly indicated  wiien  the  disease  has  passed  into  the  second  or 
infiammatory  stage,  and  the  method  of  treatment  is  such  as  is  de- 
scribed in  the  management  of  chronic  metritis.  In  the  earlier  stages 
of  subinvolution,  however,  the  peculiar  mechanical  effects  of  the 
faradic  current  are  indicated,  for  the  purpose  of  stimulating  the  cir- 
culation, contracting  the  muscular  and  vascular  elements,  and  re-es- 
tablishing the  arrested  retrograde  metamorphosis.  The  applications 
should  be  made  by  means  of  the  bipolar  electrode,  using  currents  of 
quantity  as  indicated  in  chapter  on  bipolar  faracl.zat:on. 
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Displacements  of  the  Ui:nts. — The  two  most  important  factors 
that  make  up  the  value  of  electrical  applications  in  displacements  aie 
probably  the  hyperemia,  and  especially  the  contraction  of  iniiscnlai 
6bre,  that  follow  its  use;  and  as  the  contraction  of  a  muscle  dete^ 
mines  the  amount  of  its  nutrition,  it  follows  that  if  a  current  of  e1ec> 
tridty  is  localized  in  a  given  point  of  the  uterus,  that  part  will  con- 
tract, its  nutrition  be  improved,  and  iit  the  same  time  coimtcract  any 
flexion  ID  the  opposite  direction.     As  the  effects  we  desire  in  these 


■i 


'•:h 


^:^: 


hi 


>V\. 


■A't 


Fiu  135. 

ABteflcxIon  of  Ibe  UteniK.     Rrcto-lTrinnrjr  FanadUttloa. 

cases  are  mostly  mechanical,  the  faradic  current  is  the  form  of  elec- 
tricity indicated,  and  as  in  bipolar  faradization,  the  induced  currents 
of  quantity  arc  far  more  efficient  in  causing  contractions  than  the 
currents  of  tension. 

The  simplest  and  least  efficacious  mcihod  is  to  introduce  one 
electrode  behind  the  o«  uteri,  while  the  other  is  applied  externally 
over  either  the  pubcs  or  sacrum.  In  prolapsus  uteri,  much  bencAi 
has  often  followenl  this  method  of  treatment  by  the  tone  impaxtci)  to 
the  relaxed  vaginal  walls.  A  more  effective  localization  of  the  cnr- 
rent  is  accomplished  by  introducing  one  electrode  into  the  uteiris 


Inrctrolk-xion  (Fig.  156)  the  first  electrode,  instead  of  being  passed 
into  the  rectum,  is  introduced  into  the  bladder,  and  applied  to  the 
anterior  wall  of  tlie  uterus.  When  the  faradic  cuireni  is  used,  and 
this  form  is  chielly  indicated,  the  relative  position  of  the  poles  would 
seem  to  be  of  no  special  importance,  although  for  the  intra-uterine 
electrode  the  anode  would  seem  to  be  preferable,  on  the  theory  that 
it  has  a  greater  power  over  unstripcd  muscular  fibre.  In  these  ap- 
plications the  pain  is  sometimes  considerable,  and  is  due  to  two  causes: 
first,  the  concentrated  action  of  the  electricity  on  the  mucous  mem- 
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brane;  second  the  contraction  of  ttic  uterine  fibres.  In  other  cases, 
very  little  discumfon  is  produced.  By  beginning  vith  a  very  weak 
carrent,  and  gr:idu.i)ly  increasing  it,  a  much  greater  strength  can  be 
endured  than  if  this  precaution  is  not  obscrx-cd. 

When  voluntar)'  muscles  are  subjected  to  the  action  of  the  poles 
uf  cither  a  galvanic  or  faradic  battery,  contractions  instantly  occur. 

These  contractions  continue,  as  is  well  known,  during  the  ])assage 
of  the  faradic  cttrrent,  but  quickly  relax  after  the  first  shock  of  the 
galvanic.  When,  on  the  contrary,  involuntary  muscular  fibres,  of 
which  the  uterus  is  composed,  are  subjected  to  the  influence  of  the 
electric  current,  movements  arc  not  induced  until  a  certain  time  after 
the  tissues  have  been  acted  upon.  T'.\e  movements  thus  excited 
continue  for  a  time  after  the  cessation  of  the  current,  and  do  not,  as 
in  the  case  of  voluntary  muscles,  cease  as  soon  as  the  electrodes  are 
removed. 
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The  diseaies  of  children  in  which  electricity  has  been  foun  !  of  scr- 
rice  are  the  following: — 

Chorea,  Marasmos  and  (icneral  Debility, 

Whooping-Cough,  Incontinence  of  Urine, 

Cholera  Infantum,  Vomiting, 

I,aryngisnms  Stridulus,*  Infantile  Paralysis. 

Treatment. — Chorea  has  been  successfully  treated  by  a  variety  of 
methods  of  elcctriiarion — by  (Hctional  electricity,  peripheral  faradiza- 
tion,f  and  galvamzatloTi  of  the  spine,^  and  in  our  hands  general  faradi- 
zation and  central  galvanization.  Successful  results  have  been  gained 
by  all  these  methods.  We  have  found  geuvral  faradization  and  central 
galvanization  alone  so  successful  in  cases  of  general  chorea,  that  we 
have  but  rarely  had  occasion  to  experiment  with  other  methods. 

Our  success  with  general  faraiUzalion  in  chorea  is  probably  tn  be 
accounted  for  partly  by  the  muscular  exercise  that  is  derived  from  tliis 
method  of  treatment,  as  well  as  by  the  tonic  action  of  the  current  on 
tile  nervous  system.  Choreic  patients  do  not  usually  bear  strong  cen- 
tral galvanizatioQ  or  protracted  sittings ;  the  milder  influence  of  the 
laratlic  current  is  preferable  to  the  galvanic,  unless  the  latter  is  used 
with  considerable  caution.  BcnedJkt  claims  to  have  been  uniformly 
successful  in  more  than  twenty  cases  of  chorea  by  galvanization  of  the 
spine.  He  used,  however,  but  a  small  number  of  elements,  and  the 
length  of  ilie  sittings  was  not  more  than  one  and  a  half  minutes.  Otiict 
observers  have  not  been  so  successful  with  this  method.  Meyer  reports 
unsatisfactory  results  with  galvanization  of  the  spine  in  two  or  three 
cases.  §  U  is  probable  thai  tJie  success  of  Benedikt  witli  galvanization 
of  the  spice  was  due  to  the  very  great  caution  which  he  exercised  in 
r^ard  to  tlie  strength  of  the  current  and  the  length  of  the  sittings,  a« 
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5;2  DISEASES  OF  CHILDREN. 

he  himself  declares  'Jmt  the  syniptouis  were  aggravated  if  the  onubei 
of  elements  were  ntiich  increased.  Koi  hemi-churca  Benedikt  recom- 
mends galvanization  of  the  head.  We  prefer  for  all  cases  of  chorea 
general  faradiiaiion,  occA&ionally  varied  by  central  galvanisation,  wiib 
very  mild  currents,  aiid  believe  that  this  method  of  treatment  faithfullf 
used  will  do  all  that  can  be  done  for  this  disease  through  electricity. 

Prognosis. — ^In  regard  to  the  prognosis  of  chorea  under  electrical 
treatment  there  has  been  considerable  skepticism,  even  among  those 
who  are  friendly  to  electro- therapeutics.  I'his  slcepticisni  lias  been  doe 
to  the  fact  that  the  majority  of  cases  of  cliorca  recover  spontancotuly 
in  time,  and  because  their  improvement  under  electricity  is,  in  fconae 
cues,  quite  slow. 

Aside  from  the  wellknown  fact  that  many  cases  recover  spontaneously 
in  the  course  of  a  few  weeks  or  months,  direct  and  positive  results  of 
treatment  can  be  apptcciatcd  in  this  disease  more  uniformly  than  in  an; 
other  spastic  condition.  Cases  of  failure  after  itfotracicd  treatment  by 
electricity  arc  exceptional.  The  worst  cases,  when  recent,  sonieliiuei 
ftecni  to  yield  better  than  those  which  are  comparatively  mild. 

Partial  chorea,  affecting  the  eyelid,  the  muscles  of  the  neck,  or  x  sio- 
gle  limb,  or  grou])  of  muscles,  is  more  ob.<itinatc  than  a  nmch  vone 
form  of  general  chorea.  TTie  cxpUnation  of  this  inconsistency  is  thai 
patients  affected  with  partial  chorea  are  apt  to  delay  weeks,  months, 
and  years  before  taking  treatment.  Recent  cases  we  have  found  to 
yield  almost  unifarmly.  All  long-standing  choreic  cases  need  to  be 
treated  perseveringly— from  one  to  several  months  being  usually  neces- 
sary to  complete  a  cure.  In  some  cases  no  a|>parcnt  improvement 
takes  place  at  the  outset  of  electrical  treatment,  and  the  friends  of  the 
patient  become  discouraged  ;  but  if  the  treatment  be  continued,  a  per* 
mancnt  cure  may  be  obtained.  Symptomatic  chorea— dci>endeut  on 
Cerebral  or  cerebellar  diseases-offers  an  unfavorable  prognosis. 

Central  ehtrta^  Vfith  inability  of  th*  fatirni  to  nu/4,  feed  kimirlf,  or  tNttimrtfy 
tptak^Rttootry  undtr  centrai  gahM»i*atiom,  a/ttr  tki  /ailuri «/  ftiunU  Jtr^ 

ditation  anit  mtJiration. 

Cask  CXX'X.— Muter  S..  a  little  boy  aboal  tea  yean  old,  carac  to  wthrai^ 
Dr.  J.  O.  Fturtngtan. 

The  patient  hn<J  for  tome  time  (uffered  from  general  chorea  of  «  decMeJ  diaractcf, 
but  during  (be  \»tA  few  weeki  Ii  limt  %o  increiUied  in  teveritjr  tliiu  hewu  tmmblc  W 
walk,  or  even  Teed  lilmwlC  AH  liu  eKlrcmitie*  u  well  ai  the  face  were  bl  i 
molUm;  tiii  utleraiice  »iu  tmlittincl,  And  <n  weight  he  hod  decnMCd  very 
There  W11  no  berediiiry  tendein:/  of  chit  character  In  llie  fumity,  tnd  the  oa\y  ci 
to  winch  ihe  tymiilonm  ctMild  plausililjr  be  sttrihuteil  was  a  fall  frum  •  faonc^  wUct 
•evcreir  jvreO  him,  »>me  weeks  before  the  libeaic  maiiifeited  ItieU. 
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tWe  IrMtmeot  vros  vtritd.  Fowler's  M'utlon  ud  certdiTi  other  rcmedte^  vrbidb  km 
da  not  now  rKall,  hail  been  failhrully  tneJ,  but  without  bcnriit.  We  began  with 
mUd  genera]  firadiution,  but,  ss  the  letultsdi'l  not  Kccortl  with  oiu  eicpectaiiiin^  we 
•banHoned  it  and  ewayed  vciy  gnitle  cenli^  galvanization. 

Ourin;;  ihe  Tint  week  of  ifiii  treatincnl  no  apprecblile  benefit  aeemed  to  be  derind, 
except  an  inijirorcment  in  sleep. 

Soon  iFtcr  thi»,  Imwever,  the  effect  obsenred  vm  decided.  His  appcHitc  became 
bcllCTt  resulting  nalutatl]'  in  increaied  wnght ;  co-ordtnitiun  of  movement  nyi<ily 
bctsme  poHible,  tlie  utterance  diMinci,  and  h  a  few  weeks  recovery  was  complete. 

All  ifcatmcnl  was  discoDlinncd,  and  To  this  date,  after  tbe  lapse  of  scveial  jeara. 
there  has  been  no  evidence  of  ■  rettmi  of  the  dbM:asc. 

C4orm  ff/  Un  months'  itanding^  9/  iht  U/t  Hdt  and  ri^Al  arm,  in  a  girl  oftlrvm-* 
Kffnvry  in  Un  ruteks  under  tentral  galtKimtaii/HK 

Casi  CXXXI— M.  R..  aliitlegirl,  aged  eleven,  wa*  directed  lout  by  Dr.  II.  H 
Urcf^ry,  of  Harlem.  Some  ten  manlh*  before,  lh«  nmtber  fint  observed  slight  cob* 
rulBi\-e  Iwitchings  or  the  left  Itaud,  wlikh  gruluolly  increased  in  tevcrity  until  in  a  few 
weeks  the  member  was  qui^e  ciden.  In  two  or  three  months  the  left  Ic^  became 
choreic,  and  won  after  the  dtaonler  extended  to  the  right  arm.  It  wot  one  of  thoM 
caset  which  obstinately  reust  ordinary  internal  mcdicatioti,  and  w»*  hence  considered 
a  fair  opportunity  to  lest  the  virtues  of  central  gAlvaniiation.  TFie  treatment  was 
eiven  every  oilier  day,  but  for  three  weeks  no  apparent  imjirnsion  was  made  open 
tbe  ditcase. 

During  ihe  fourth  week  the  symptoms  somewhat  abatc^l,  and  from  this  time  forth 
tbe  (rnprorcmenl  was  nninlcTrupted.  until,  in  tea  weeks  from  the  banning  of  th« 
treatment,  recovery  wn*  perfect. 

Choreic  Jitturbanct  of  tht  hiod  o/fivt  mautA^  duration — RuMftry  under  Uu  than 
Iweht  appittatioti]  of  general  faraditali^n. 
Cask  CXXXII. — Minute  V.,  aged  8  years,  hail  1»ecn  ofrcctetl  for  five  mfmtlis  with 
»evereand  «lmo«con»tani  itervoui  twitching*  of  the  heail.  They  were  evidently  cbortit 
in  cliar;itler,  OLturreU  wiihuut  ihe  coiiKlun^ness  of  the  child,  mid  ituring  j.Wp  WTre  en- 
tirely naming.  T!ie  |micnt  was  somewhat  depressed  in  henllh  oikI  decidedly  anaemic, 
and  w«  therefore  lubmitied  her  to  general  fanuILialion.  Under  the  inHucnce  uf  Les 
Itian  a  dotcn  appltcaiions  slie  gained  in  appetite  ami  strength.  Tlie  choreic  illiturb. 
vivc  became  decidedly  lets  niacked,  ami  after  ibe  ccSMliuiL  of  tlie  ti-eatment,  fur  llic 
purpose  of  allowing  the  seL-ondory  effects  to  be  manifedeJ,  It  was  ni>E  more  than  ten 
days  before  recovery  wa^  L-otnpletc. 

Chare*  cfayttu*s  duration — Impritvimrnt  during  treatment,  and  rapid  rttevery 

afltr  iti  cataliait, 
CaxiCXXXIIT.-^A  little  boyofadelicateorganliatinii  wot  sent  to  us  by  Or.  Ceo. 
Peters.  The  ci;ild  liad  been  aflccted  with  general  choreic  moYcmcnli  of  a  dcdded 
■hough  not  severe  character  fur  a  Itltle  more  than  a  year  The  inerhajiical  elTects  of 
ittc  faradic  current  seeming  to  disagree  with  the  paltcnl,  we  submitted  him  to  mild 
seances  of  central  ;;alvanii3tion.  Some  fifteen  ap]iUcatiijas  were  aJmmistcrcd  during 
the  month  which  resulted  in  some  improvement.  At  this  slAge  the  trcntment  wai 
iiecesanly  interrupted,  but  Lhc  impravcmenl  coolijiued,  and  in  a  few  wccka  the 
rrcovcry  vnis quite  complete. 
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In  not  A  few  cases  of  chorei  the  bencBcial  effects  of  electrical  treat 
ment  became  manifest — as  in  the  above — after  cessation  of  the  applica 
tiona. 

S^vtrt  cA^rea  im  a  girl  trvtn  yrarj  a/  agt—Lttt  than  utual  t/mtffivtneii  vm  tk*  ktat 
— Rettery  undtr  Uh  gtnentl /araJitatietu, 

Cask  CXXXIV.— L.  J.,  a  girl  seven  ytara  of  ag«.  was  broouht  to  m  for  ireafc 
menl  hy  (reneral  clectriMtion  in  Sqitember.  She  wa»  pale  and  ukader.  but  qvit* 
tall  for  licT  age.  For  eightceu  montbs  bcr  growtb  tiad  been  retnarkabif  rapid,  tad 
10  tins  face  the  inmher  was  iDclincd  to  attribute  the  di$case.  The  parcnis  htH 
noticed  some  it-ritchiug  of  the  left  hand  three  years  before,  but  did  no*  at  the  titne 
give  it  paiticniar  aticniion.  The  cliomc  symptuin^  rapiitljr  incfeascd  to  nich  ao  ex- 
tent, hottcver,  that  they  became  alarmed,  and  «pplicd  (or  meilical  ireatraent.  But 
in  ^itc  of  pcniutent  internal  Tne<iicBtttin,  the  want  of  power  la  co-ordinate  her  novs- 
mcnt>  grew  tnorc  marked,  and  the  tympioms  cKlcn<ied  to  her  Itmbs  and  organs  of 
■pcech.  At  [lie  lime  thai  the  patient  came  under  our  notice  the  choreic  DiDvcnKiila 
were  quite  %-io!«it.  The  left  ride  wa«  crtrKi<lerablf  uKire  afCccted  than  the  right,  aod 
h«  articulaliun  was  to  indistinct  that  it  waa  impo»ihle  for  a  stranger  to  undertfand 
what  (he  uifl.  We  found  no  difficulty  in  inducing  the  child  to  submit  to  itte  treat- 
meiii,  liul  the  involuntary  agitation  of  the  legs  was  so  great  that  it  was  found  acco^ 
tary  to  hold  the  feel  upon  the  pbte  to  which  the  negative  pote  was  attached. 

The  rurrenl  uiu  very  sentilivcly  fdt  over  the  stomach,  but  mil  over  any  o<fas 
portion  of  iSe  Kncly,  Ti  may  l>c  remarked,  however,  that  over  the  bead  eoiU  bl 
borne  wilttout  dLscomri>rl  a  current  much  more  iulense  tliao  is  the  case  in  the  normal 
ccndiiion.  • 

Tlie  first  and  second  applications  resulted  in  no  appceciable  cltaoge  in  ber  lymp* 
tomt;  hut  at  [he  fourth  vi&it,  altout  len  days  after  the  first,  a  perceptible  improve 
menl  wai  naticed.  As  b  usually  the  case  when  a  favorable  result  fullowi  tmj 
inethod  of  treatment,  (lie  dlminuiion  of  the  choreic  nvovement  tm% first  ma ni/attt i» 
tke  lim/fr  Hmh.    I'lie  progress  towards  recovery  was  very  raptd. 

At  (he  fifth  vtitl  tite  could  retain  her  feet  upon  tlw  plole  liy  her  own  unaided  eflhrti^ 
while  the  application  vnu  being  maJe.  This  improvcinent  bad  also  extended  to  the 
arms  and  face,  anil  the  tenth  application,  administered  aboal  a  month  after  the  firtt, 
diHipatH  every  choreic  symptom.  There  was  one  peculiar  and  well-niarked  featqrc, 
which  we  ulMcrv-cd  (D  this  as  well  as  in  screrol  other  casea  We  refer  to  the  In- 
tensity  oT  the  current  used  when  applications  were  made  to  the  head.  As  the  diicav 
advanced  Loward  recovery,  such  applications  became  mora  and  more  painful,  to  llul 
ft  was  necessary  to  gradually  decrease  their  power, 

Ckerea  af  faet  auJ  ai-tms  in  a  laJ  ttotht  yfurt  «/  irgf,  J.ftnJrtt  ti  itenfal  imfi*h 
tttfij — /ittovery  anti<r  iiMtilttfii  faroiiiuifiam, 
CaseCXXXV. — In  December  a  ladjr  brfluf;ht  to  us  a  little  boy,  acnl  mnw  I* 
years,  to  be  treated  for  symptoms  that  were  somcwiiat  anomakxi*.  yet  not  uf  ^rhamcto' 
sufficiently  marked  to  enable  n't  to  say  positively  that  St,  Viius's  dancc  proper  CAifttcd 
While  ID  perfect  repoK,  and  even  when  engaged  in  pUy.  study,  or  oonvcrsarion,  i{ 
there  waa  nothing  toeiclieoralarm,  he  exhibited  nothing  unusual  in  his  movements. 
If,  bowever,  he  [ailed  in  fal>  reciutioos,  was  scolded  by  his  pamts.  or  if  be  bewae 
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ntdteil  hi  his  pUy,  or  was  absslied  by  Itic  notice  of  «  Mnnger,  K»ne  peculiar  symp- 
tom* became  !inme«tmlely  manirctt.  The  mnicleft  of  the  Uee  ixcame  <onviil»ed,  ud 
at  times  iIk  twitching  wns  qmLe  vi<jlenl,  %o  ttiat  ha  appearance  was  groiewjue  in  lh« 
e»treoic.  Rapid  coiitnicti^>rK  of  the  cnuKlet  of  the  arm  also  occurred.  These  were 
most  nolicenl>le  in  the  biceps  and  flexors  of  the  hui'lfi  ami  fiti{;ers. 

The  child  wa*  to  all  appearance  perfectly  healthy,  and  vm  of  a  lively  and  genial 
dfapodtion. 

Ttda  diforder  of  the  nervous  function  had  existed  some  fonr  or  five  months,  S3  that 
conadciable  uncaane«i  was  excited  In  the  minds  of  ttie  friends  of  the  patient.  Ai  he 
lived  a  considerahle  dtMance  from  the  ciiy,  appllcatlnm  were  g!\-en  only  otcaiionally, 
Bs  Ills  attendant  found  it  oon^xnieat  to  bring  Itim.  During  the  course  of  a  month  ihe 
boy  vittted  us  some  five  or  ilx  times,  and  as  he  was  snlTering  from  no  del>ility,  we 
judt^cd  it  to  be  suSicicnt  to  make  the  applications  only  to  ttie  parts  a-TccteJ,  and  not 
to  extend  them  over  t1ic  whole  lurface  of  the  body.  The  result  of  this  irregular 
tiealmcnt  was  lucircisrul,  since  all  the  alinormal  movcmenti  to  wliich  he  had  been  so 
readily  liable  on  exposure  to  any  excitement  became  less  and  leas  narked.  At  the 
end  of  the  mwntb  he  left  us  cured. 

^o  ttggravaittl  com  e/ekorea  raittt  tAe  atti»ti  of  tAe  gahnttiU,  but  yielJi  ta  general 
tleetrhatioH  with  lie  /araJie  turrtiti~'fieiafies,  and  dgatn  rttwtrs  under  tke 
tame  treatment. 

Case  C\XXV[..^A  little  patient,  aged  to  years,  under  the  profeisional  care  of  Or. 
J.  O.  Fairinglon,  presented  ihe  severest  symptoms  of  chorea. 

pTof.  GcoTgc  T.  Elliott  had  prc%-iou5ly  been  called  in  consulution,  and  by  these 
gentlenncn  electrical  treatment  was  advised. 

Some  two  months  prevluus  to  the  consultation  certain  abnormal  movements — tudt 
as  starting  niddenly  to  hb  feet,  throwing  out  a  liand  ur  a  foot,  etc.— were  observed 
by  the  teacher  of  the  boy.  Two  weeks  subsequently,  the  patient  was  seized  with  well- 
marked  choreic  sycnptoms  of  the  ri{;hl  siilc  of  the  bo-ly,  and  in  two  ilays  lite  disturb- 
ance extended  to  the  opposite  side.  So  constant  and  violent  were  ihe  movements  of 
bb  arms  and  l^s  tliat  it  was  impossible  to  keep  him  on  ^  bed  or  liofa.  It  was  nece>> 
aary  lo  plare  him  on  the  carper,  surrounded  by  LtiAated  rubber  Im^.-^  Intelligence 
teemed  to  be  [lerfect,  but  Uie  power  of  speech  was  lost  and  the  sufferer  ciiade  known 
bis  wants  by  imjvitlent  cries  and  ill-directed  motions. 

Sleep  was  impuuible  witlwut  the  ni^^hlly  administialion  of  an  opiate.  Contrary  to 
oar  judgment,  but  by  suggestion,  we  commenced  treatment  by  the  use  of  a  mild  gal- 
vanic currcn:  dlre;;ted  eipccially  Cu  tlie  base  of  the  brain  aiid  Ihe  spinal  tract ;  but 
ihit  metbod  served  only  to  a^mvate  the  cfhtld's  condition.  We  then  resoned  to  the 
laiadic  current  by  the  method  of  general  electrization,  but  so  viuteiit  were  the  invol* 
untary  movemenu  In  the  Simhs  and  hody  of  t'le  ^tient,  Ihac  Ji  was  uiih  difRculty 
that  be  could  tic  held  in  a  sitting  ponture  and  his  feet  kept  on  tlie  copper  plalc  to 
which  the  negative  pnle  was  attached.  The  applications  were  genfral—wvy  por- 
tion of  the  IxMJy,  fruni  the  head  to  tiLC  feet,  bciitg  inftuenced  on  each  oi.cauoa. 

Improvement  was  manifest  from  the  very  lirsl.  He  was  at  once  enabled  to  sleep 
■oundly,  although  his  opiate  was  reduced  one-third,  and  after  the  fourth  appD.-ation 
It  was  dispensed  with  altogether.  In  the  course  of  three  weeks,  during  which  time 
fifteen  i^licntions  were  given,  the  case  was  to  br  tmjrroved  iLial  the  patient  nai  able 
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to  niter  dlMtiKlly  words  Bud  wnlcDces.  The  cliordc  qrmptonu  were  w  mush  dtmin 
ished  that  th«  l>o^  couUl  rcadiljr  tit  qukt  *u>J  alone.  ukI  diirine  an  applicaiioa  tne 
abl«  lo  eommuiil  tlie  movements  of  bit  bo«Iy  and  feet.  Improvement  conLuiacd  dut- 
ui£  the  adroinutraiitfn  uf  a  lew  more  applicatioas  when  the  diUd  was  taken  to  the 
wa-ihore,  where  in  two  weeks  he  quite  recoveretl.  Afler  having  en}o)«d  eactUenl 
health  for  a  ye^x  and  a  !ulf,  the  boy  sufTeied  from  a  lecorvd  attack,  lie  wax  inunc- 
dialely  subjected  to  ihe  uiAuence  of  elccthaatton,  and  recovered  even  more  nfi^ 
than  before: 

Marasmus  and  General  DebilUy.  —In  the  treatment  of  niajasnms  anj 
general  debility  of  children,  Dr.  B:ard  has  recently  made  a  series  oi 
experiments  at  the  Sheltering  Arms  Insliliition  in  Brooklj-n,  which  is 
under  the  medical  civarge  of  Drs.  Jerome  Walker  and  Frank  RoclcwelL 
In  addition  to  this  hospital  experience,  Dr.  Rockwell  has,  in  private 
practice  more  especiall)^,  had  very  ni3.ny  oi>i>ortunitics  of  testing  the 
efficacy  of  the  various  forms  of  electricity  in  the  diseases  under  consid- 
eraiion.  In  these  i n vest igal ions  a  number  of  inarasniic  cases  and  of 
cases  of  debility  of  various  kinds,  some  of  a  most  serious  character,  were 
treated  by  general  faradization,  and  with  most  pleasing  results.  The 
remarkable  improvement  in  nntrilion  that  the  young  of  animals  tniy 
derive  from  general  faradization  lias  already  been  described  (sec  chapici 
on  Nutrition,  in  Electro-Physiulog)*). 

Two  intportant  facts  were  brought  out  and  conlirmed  in  these  exper- 
iments : — 

I.  That  very  young  children — under  one  ycar^ould  bear  zs  Urge 
doses  of  general  faradization  as  adults. 

^.  That  the  rccogniwd  tonic  effects  of  general  faradization — improve- 
ment in  sleep,  appetite,  and  in  rapidity  and  vigor  of  growth — are  appre- 
ciatctj  by  infants  even  more  rapidly  than  by  adults. 

Coses  that  were  fast  failing  were  restored,  and  in  oneoctn-o  instances 
life  was  ap|>arently  saved  by  the  treatment. 

Ufanumui  in  a  fiilit  ageJ /our—Reeavery  tinker  gm/ral /nfaJhatiam  after  fait^r* 
of  tht  oftefteJ  me/At^i  ef  trtalmtHl. 
CaskCXXXVII.— F.  C..aIittrcbojra^4,  had  been prortraied  for  some  time  wilk 
liarrhceal  tjmptoms  with  fever.  1'hese  sjrmptoms  became  modified  under  treaimeni  | 
l<«t  the  cbiM  eontinued  excessively  weak,  with  no  apfWite,  vrllh  paroxjrwnt  of  fever* 
Uhness,  sJeeptMsncis,  profuw  niglit-sweatK,  and  progrtuivt  tmafialhn.  So  form  of 
mecilcaiion  seemed  of  much  service  ;  and  as  the  condition  of  the  patient  had  axntmcd 
a  chronic  character  and  clearly  pointed  to  dLsca&e  of  the  mesenteric  gland^  eleriricit} 
was  ftdvl»«l  hybath  Dra  H.  H.  Gregory,  the  attending,  and  the  laic  Geo.  T.  Elfiol, 
llie  connilliitg  physician. 

We  ■ubmlttcd  the  little  patient  to  general  fandjntion  earerully  1«t  ihoffoughly 
tpfilied.     In  one  respect  \t%  elTecU  were  immediately  and  decidedly  eviJaw«L 
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Tbe  ileep  w-as  beltered  uu)  ibe  profuse  pcrsptration  vcrj  mArkeJly  cUeckeJ.  Fot 
ux  week*  tlib  tteatineot  w«*  rcpmlcvi  tvcr/  ni|;ht,  «nd  while  Ltivic  wa^  n-j  lapiJ  pog- 
teaclowunli  hmlih,  yei  trDin  the  b^iiinlng  of  treatment  llie  iniprovenkcnt  was  gisiloal 
•tul  viibierni^tcd  u.ilil  tlic  recovery  was  coni^lc. 

H^ii/iing-Couj;^.—^n  the  institution  nientioi^ed  on  the  preceding 
l»agc,  and  in  private  practice,  sixteen  cases  of  whouping-cough  in  various 
suges  of  the  disease  iiave  beeu  treated,  mainly  by  central  galvaniuiion. 
The  rvsutt  was  iiiiproveinent  in  every  case.  Tlic  paroxysms  were 
dijiiinishcd  in  frequency  and  violence,  and  in  sonic  instances  the 
IcDgtli  uf  the  distressing  stage  of  the  disease  was  shortened. 

In  cases  complicated  with  debility  there  was  improvement  in  general 
nuirziion.  In  one  case  where  great  dtrbilily,  resulting  from  congenital 
syphilis  existed,  the  iniprovenient  in  general  nucrJtion  was  most  striking ; 
and  in  that  case  general  faradization  was  mainly  used.  In  most  of  llie 
cases  treated,  the  usual  medication  in  wide  variety,  including  quinine, 
had  been  tried.  All  medicaliuji  was  stopped  shortly  after  the  clcclri 
cal  treatment  was  adopted. 

Sneoiitincnee  of  Urine. — This  very  distressing  iotrmity  will  sometimes 
yield  to  local  or  central  galvanization,  but  the  good  results  that  arc 
vbuined  by  these  methods  of  treatinciit  ore  not  always  pennancnt. 

In  coujuctiun,  however,  u'iih  other  tonic  remedies,  it  is  undoubtedly 
a  valuable  aid  in  the  treatment  of  this  disease. 

In  cases  where  there  is  an  almost  absolute  want  of  control  over  \\\<i 
bladder,  the  local  application  of  the  faradic  current  is  strongly  indicated, 
and  will  frcc|uently  alleviate  the  symptoms. 

The  following  case  is  illustrative  of  the  good  effects  ihat  may  occa. 
sionally  fullow  Ihe  use  of  electricity  : 

liH«ttt4nttKe  a/  nrtn*  Httet  birth  $ri  a  tkild  agfl  rix — Rtcwtry  in  tix  monthi  ut*Jft 

tixal  faradtuUion. 
Cajse  CXXXVIII.— Willie  - — .  a  linle  hojr.  agetl  Us,  hod  been  annnyeO,  moro 
or  lew,  t>y  ttu*  want  uf  control  over  llic  liUOdei  tiikc  \\\>  Luth.  fie  iiivarinbl)  wcl  his 
bed  at  night,  and  it  was  not  utiuwaL  for  him  to  meet  withacciJcnts  by  day.  lie  \va>a 
fme  bealth/  \xty,  and  thcrerurc  he  was  submitted  to  simple  localize]  fiiradUati<jn. 
The  Eresimenl  was  not  kq>t  up  very  regularly,  but  once  at  twice  a  week,  as  1ie  hnp- 
pened  to  vi^ic  the  oDfiicc.  In  about  a  month,  liis  mother  ubKrved  a  very  dccidcii  iui' 
lumemcnt.  The  ini)ir<>vcriicnt  Uowly  coiuinuei),  and  in  ibc  cauneaf  six  mooLlis  llie 
patkni  seemed  to  have  gained  orditiary  corttr^i  uver  llm  function. 

Vomiiing  and  Cholera  Infantum. — Both  vomiting  in  children  and 
cholera  inlaiiluni  are  treated  with  advantage  by  bromide  of  poLissium 
and  by  the  tonic  influence  of  sea,  mountain,  and  country  air.  It  would 
therefore  be  just  tu  5up|>ose  that  these  afTections  might  be  succe^sJaily 


578 


DISEASES   OF  CHILDREN. 


lreat(;J  by  electricity.  Dr.  I.cnte,  of  Cold  Spring,  inrorms  u»  thii  he 
has  iiad  excellent  results  in  the  treatment  of  vomiting  in  chiMreti  by 
faia.K£^tion.  Dr.  O'Keilley,  of  I..uuisviLle,  Ky.,  reports  good  resuttf 
from  faradisation  in  cholera  infantum. 

InfaniiU  Paralysis. — I'aialy^^  in  infants,  though  oAtn  of  a  rctlex 
rhnractcr,  is  so  frequently  dependent  on  some  morbid  condition  ut'  ihc 
spine,  that  it  might  properly  be  included  under  spinal  paralysis.  J  ike 
paraptetjia  in  adults,  it  de)iends  on  a  variety  of  di».'xsc'd  states  Of  the 
Spinal  cord  and  its  membranes.  There  is.  probably,  no  one  i>atho(o 
giuit  le&ion  iliat  is  palltognomonic  of  tliis  disease.* 

The  symptoms  of  the  disease  zt<  paralysis  of  motiffn^  withhss  of  tUe- 
tr9-tnuscular  contraftilHyt  seme  anasihesia,  great  diminutien  of  temftr- 
alure,  ami  muscular  atrophy. 

Ill  some  cases  the  muscular  atrophy  is  accompanied  by  (atty  degen- 
eration. 

Uuchenne,  with  the  aid  of  the  microscope,  has  investigated  the  con- 
dilion  of  the  muscles  in  muscular  atrophy.     Kor  this  purixne  a  trocai 


Flo.  137— thiclicnne's  Trocar. 
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Fio.  13d— No^g«ntb'>  Trocar. 
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IS  necMsary.  Duchcimc's  trocar,  Fig.  137,  is  introduced  into  the  muscle 
open.  When  in  situ,  a  piece  of  sharp  steel  is  pushed,  by  means  of  & 
button,  against  the  b-irb  of  the  trocar.  A  piece  of  muscle  is  Ihiu 
caiigiit,  which,  on  the  withdrawal  of  tlie  trocar,  can  be  examined. 

Microscopic  Examitiation  of  Muscles. — Nocggerath's  instrumcatt 
^'g'  >3S,  is  introduced  as  a  simple  trocar,  and  when  in  situ,  the  vrue  con* 
lAined  in  it,  being  pushed  forwari,  causes  the  prongs  or  clasps  on  \\s 
extremity  to  emerge  a  little  sejtarated.  When  the  wire  Is  pulled  out  the 
urongs  come  together,  bringing  with  them  a  {tiece  of  the  tlesh. 


*  For  •  valuable  rtoumi  of  Chs  f  rcMnt  state  of  oai  knowle^  ol  the  t*»lk»ger-y  0/ 
tn/antitt  Paralytit,  tee  the  paper  on  that  subject  by  Dr.  Mary  Jacobl  in  the  \iu 
Jcurnal  of  Olittctcifx,  May,  1S7J. 
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We  present  ihc  cuts  of  Uucheanc,  with  condensed  e)ti"lanatijiis. 
Noraul  filire.  , Pint  degree; ^ 
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Fii>.  I  ^t.  Fic  14a.  Fic.  t4i. 

Fig-  ^39  "reprtisnts  the  normal  fibres,  with  Ibe  transvcrae  stria." 
Figs.   140,  141.— "The  iranwene  ^tria-  arc  led*  di«liacl ;  tb«y  are  [requently 
bcolon  ;  the  longUiHlinal  fibres  sre  more  and  more  marked." 

Seeciwi  (leijree. 
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Fic.  143. 


Ft];.  I43.— "The  muscular  Txvu  U  composed  euliicty  uf  longilivtin^  TiUre^  the 
transwcr^c  Hri*  haviinjcoruplcidy  dUapi>carcd.*' 

'*  By  ilie  Mile  of  the  muscular  fibre  s£iiiio»e  tK^ue  is  o!i««rved,  comjms»^  of  telh 
t^C  nre  cither  (a)  round  or  longiluduial ;  tlnere  are  Itltle  drop*  {i)  uf  fat  dcpoMtcd  In 
the  niuwiilar  fil  re." 

Kig-  143' — "The  muKiUar  fibrei  have  ilill  preierved  tbuir  contractility,  ami  an 
UDdulaiing.'* 


Pio.  140.  Fib.  147-  Frc  Mi- 

Fig.  146.— "The  longituJinAl  fibres  have  diuppeaied.      We  see  only  faitjr 

molecules  very  close  together  kikI  link  distinct,  cspcciiilly  toward   the  axis  of  ib« 

fascia." 
Fig.   147. — "The  f«t  becomes  mote  nbondaat  and  diificQll ;  (he  nuKslar  faada 

is  more  tran&parenr. " 

Fig.  14S. — "  Distinct  molcealcs  of  (at  are  no  lon^r  pcrceptibte ;  thelaK::ai«com- 

poted  n(  a  Bhapcleks  nuiss. 

**  EacH  degree  of  Cally  uansfotmolloa  cone^)OBdi  to  a  ikgree  of  (kiijtutaiiun  ul 

moxubr  fiUre." 

EUetrp-Diagnffsii. — In  infantile  patul>-sis  there  is  diminution  or  ititei 
loss  of  etectio-nuiscular  contractility.  In  patients  &o  young  the  con- 
dition o(tliccleciro-nitiscu1ar  scnsibi)!t}-cannnt  of  chusc  bea&ccrtaineiL 


TREATMENT  OK  INFANTILE  PARALVStS.  SSt 

Tlie  tactile  Mnsibiliiy  is  in  some  uses  much  (]iniini&heU  :  in  other 
casL-s  it  docs  not  appear  to  be  affected. 

A  siighi  degree  of  anaesthesia  cannot  be  ascertained  in  very  young 
patitfius.  An  important  feature  of  infantile  paralysis  is  ll):it  Die  iiiuM:le« 
exhibit  contractility  under  galvanization  when  they  are  not  ai  all  affected 
by  fatadizaiion.  In  this  disease  especially  both  currents  are  neccsury 
in  the  diagnosis  as  well  as  in  the  treatment,  and  careful  regaidinast  l>c 
given  to  ilie  "  tiiolor  |>oints." 

In  making  an  examinatiaii  of  the  condition  of  the  muscles  of  infants 
it  should  be  rcuicinbcrcd  that,  on  account  of  their  flabby  cbar2,ctcr  and 
the  relatively  large  proporlian  of  adipose  ti:iSt]e  by  whicli  they  are  sur* 
rounded,  they  do  not  respond  as  readily  nor  as  perceptibly  to  electrisa- 
tion as  the  muscles  of  adults. 

Treatiaent. — Galvanization  of  the  affected  limbs  is  the  mclhod  »f 
electrization  that  is  principally  indicated  in  infantile  paraly&i^.  In  those 
cases  that  fail  to  respond  to  the  faradic  current,  the  galvanic  is  indis- 
(lensable.  When  the  luuscies  have  regained  their  contractility  under 
the  faradic  current,  faradization  may  be  used  either  alone  or  allernaiely 
with  galvanization. 

Children  will  bear  as  pnwcrfnl  currents  and  as  |>ratracie<I  locali/eti 
applications,  without  appajcni  injury,  as  adults  {see  p.  550).  No  stronger 
currents  should  be  used,  however,  than  are  just  sufficient  lo  produce 
full  muscular  contractions.  The  most /reguenl  wis/aii-  is  to  oxtrdo  the 
treatment — to  use  too  strong  turreifts.  indtao  ivng  applicdtions,  and  t/ms 
weaken  rather  than  strengthen  the  muscles. 

(Galvanization  of  the  bptne  is  aUo  iinUcated,  and  in  connection  with 
the  peripheral  treatment  shotdd  not  be  neglected. 

In  infantile  paralysis  the  general  health  is  not  necessarily  impaire<l. 
Those  cases  lh.1l  are  .iccoiniianied  with  general  ivfalciiess  should  be 
treated  by  general  as  well  as  localized  faradization  and  central  galvoiii* 
zation.  Trealiiietit  by  elcclri/ation  is  greatly  aided  by  p.^vsivc  luave- 
mcnts  systematically  and  slcilfully  usud,  shampooing,  frictions,  and  the 
application  of  dry  Ileal  and  hot  water  to  the  affected  limbs.  (See  ru 
marks  on  Accessory  Trcatincnt  under  Hcmii'legia.) 

Prognosis. — Tltc  prognosis  must  dejwnd  on  the  cause,  the  probable 
nature  of  the  lesion,  the  length  of  time  that  the  disease  h-is  existed,  and 
the  condition  of  the  nuihclcs  especially  as  ascertained  by  electric  and 
niicrnscopic  examination.  If  faiiy  degeneration  is  much  advanced  Uic 
proi;no3is  \\  less  favorable  than  wheji  n^  degeneration  exists. 

Ca^es  of  a  relk-x  or  functional  character  may  recover  speedily  with- 
DUi  9pe<-ial  treatment.     Cases  i>f  oi^anic  character,  wliicli  constitute 
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the  iiiajoriiy,  and  vhich  have  gone  on  lo  atrophy,  recover  only  ilowlf 
and  under  failhful,  persislvnt  treatment.  It  U  mrcly  indeed  that  pa* 
rents  or  guar  hans  have  tlie  patience  or  the  means  to  persevere  »nd 
ubtain  the  full  benefit  of  which  clectn'zalioti  is  capable. 

Frequently  the  impruvement  rapidly  advances  to  a  cerliun  grade  and 
then  halts,  or  a(]vances  so  imperceptibly  as  to  discourage  the  parent. 

Ptratytit  of  left  arm  ;  atrophy  of  deltoid — tfo  mpontt  at  firtt  lo  faritjitatign^ 
imfrffvrmetU,  but  not  rtcavery,  umier gafuamtatiom. 

Cask  r\X\IX.^~A  hoy  sged  14  months,  wiustublenly  tskcn  with  complete  jwraly^l 
oC  Ibe  kft  xnn  mflcr  exposure  to  cold.  He  carae  uiiitcr  our  ulmervation  about  ■  week 
ftfier  die  seizure.  We  round  it  itn(K>3sible  lo  produce  the  dij^hlest  conttucttoni  of 
Ibe  miiKlc*  with  the  rar&dic  current.  After  iwo  ■pplkattuni  we  mor(e<l  to  the 
galvanic  current. 

Iinmeiliiite  contraclioii  of  all  the  parnlficd  ihukIcs  follotvei]  itt  u^  utJ  ibe  rutural 
power  u-AS  resloiett  Mimcwiial,  »o  that  tite  cliild  was  enabled  to  slowly  dote  sml  ope* 
the  liand.  After  another  unittar  applicatioii,  the  IWradic  current  wn  u  cfficacioiu  hi 
producing  marked  contractiaoi  u  the  galvanic 

When  ireaTment  hail  been  continued  xbout  a  month  Ibe  child  cotd'I  u«e  t1>e  hand 
and  forearm  ]>erfecil/  well.  Tlte  upper  arm  was  conudera'.ly  improvedf  lu  fat  ai 
power  of  movement  was  concerned  ;  but  the  deltoid  miisck  had  atruphled,  aud  m 
subsequent  ireatiiient  sulBced  to  greoiljr  improve  its  comliiion. 

Paralytu  ff  U/t  arm,  with   atrefiAy  ef  dett.uti,  tanstJ  fry  exposure  t«  co/J—.Yt 
respi-Hit  at  first  tt  faraiUt-iticm — ImpratVHient  un>ler  giih/amtatijH. 

Cask  CXI.  — A  lihort  time  before  we  mw  the  child  he  had  been  csixMcd  (witk 
Dure  arms  and  shoulders),  while  riding  in  the  hnne  cars,  lo  cold  dtauj^htsof  vktnd.  A 
few  hoars  mtM«qaenlly  the  tnotlier  fin>t  nuticed  that  the  child  u»cd  the  right  arm  alttw 
Cctbcr,  and  Bpon  fitftlicr  examinntion  she  discovered  that  t>ie  left  arm  was  perfectly 
powerleu.  Previous  to  ibc  attaL-k  the  Little  pallcni  bad  been  Buffeting  considerably 
ftora  ihc  irrilaiire  proce«  of  lc«ihing,  which  had  Mmewhai  reduced  him  in  health 
and  6e)b.  The  deltoid  was  atrophied.  No  intently  of  tlic  faradic  current  which  we 
felt  junifled  in  applying  lo  the  affected  arm  produced  the  slightett  eflcct  j  but  when  a 
galvanic  current  of  miMlei-ate  power  wu  made  uscof,  themustksof  iheporaljiedUinb 
re-tponded  almcMC  as  rettdjly  ai  those  of  the  heaJlhy  side.  The  im [trove men t  under  the 
uite  of  the  galvanic  current  wu  for  a  time  <)uilc  marked.  He  very  soon  regainwd  toll 
power  over  tbe  hand  and  foteani^  tnit  was  unable  fur  a  long  wlulc  to  move  the  up)«f 
Juin,  and  when  treatment  was  discontinued  after  son>e  twenty  application*  bod  bcca 
given,  it  was  impossilile  fur  htm  to  raise  [he  nrm  readily  from  the  tide.  N'otw^thstaiul. 
ing  the  approximation  lo  a  perfect  cure,  the  faradic  currcat  would  produc*  only 
feeble  contractions,  while  under  the  inRuence  of  ihe  galraaic  cnrrcnt  the  clcctro-mu^ 
:ulai-  contractlliiy  was  viguroui. 

PtraiysU  9f  right  kg  follvwiHg  dtarrhaa — Rapid  rtcwtry  under  gtntrtU  f*r»t 

eUaaiitn. 

CaikCXI.I. — A  gif  I.  ftg«>d  Km«  14  iDonlb&,  was  brought  to  us  ia  September  to  b« 
tte^ttcil  (or  an  attack  of  paralysis  that  occurred  six  weeks  bcfwc.     During  tb«  ■um> 
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mer  she  hKd  suBeied  rroin  ■.  dtu-rhora,  wlikli  toil  cooudcrably  raluccd  Iwi  [a  tlienglh 
and  finh,  and  ja«t  a  wcclc  before  the  Irg  Itccaine  piu-Alyied  the  ef  erienceO  a  tevere  at 
lackof  cliolem  tnrantDm.  Themoilicror  thecMld  TirM  nlycrveJ  some  lammett  of  t lie 
rijjht  leg,  ihal  follawc<]  ihorily  aflcr  a  fall  from  a  chair.  In  iw-o  tiajn  iSe  lej;  wa« 
without  the  ^iglilcM  power  of  motion,  T)ie  limb  wiu  cukt.  The  iiDprovemcnt  folluw- 
ing  dectriiatioii  wat  in  this  inKlAiKC  ununtally  rapid.  Two  npi^licatiou  with  the 
fArailic  currcnl  reniitcd  in  some  proL^ess ;  but  after  ttie  thlrtl  vixit,  when  the  galrantc 
current  wa*  userf,  t^c  improfcmcnl  was  very  marWd  The  muv:le*  below  (hr  knee 
contracted  vi{^rau<Jy  for  the  finl  time  under  ili  Inflaeiicc,  and  in  the  course  ol  three 
wecV*,  nmler  the  ollcniatine  use  of  Ihe  two  currents  a  perfect  cure  wa«  eireclc>L 

Paralytu  of  tis  mMilkf  tiaatling — Entire  teit  ef  rtattien  to  both  eitrrenU^~A^ 

fr^ximatt  rtcavery, 

Casi  CXLU.  — Muter  C.  R,  (^[ed  four,  mu  Mnt  to  M  by  Or.  S.  EI.  McUroy, 

of  Sew  Y'irh. 

In  Se|)ieinl>er,  1877,  the  patient  *uffereJ  from  a  severe  altaclc  of  chi]l>  aad  fever, 
fulltjwMl  by  convulsive  setjurcs.  One  week  subscciuenily  the  light  leg  was  found  I0 
be  completely  |Kiralyicil,  the  other  limbs,  with  the  exception  of  the  lell  arm,  being 
also  :iffecte<l,  hut  iu  a  le&t  decree,  [n  March,  1S78,  »x  munilu  later,  the  case  came 
under  our  caie.  The  le^  wa*  ap|Miremly  without  life,  quite  cold,  and  airuphied  to 
tbelul  de^jree,  while  the  electro>mu.KuUr  conlr&ctiliry  wiu  completely  abolished, 
and  proba'jiy  had  Wen  fur  wime  time.  After  a  munlh's  ttdlmmt  by  general  fara* 
dilation  and  locallicd  ga1vaiii£ilian,  the  gcncr:tl  condition  luttl  somewhat  improved, 
hut  there  tras  not  the  slightest  evidence  of  ieturnin{>  gilvano-mutcuUr  coniractilily. 
In  two  weeks  more,  hiwetrer,  contratMions,  3!m'>st  imperceptible,  were  observed. 
These  increased  very  4uwly,  aiid  it  was  six  months  before  (he  muscles  responded  in 
1^^  the  least  deip^ee  to  faradiution.  At  the  present  lime,  afier  a  year  of  the  most  per- 
^1  sislent  endeiror,  the  conlraciions  ire  conniderahlc,  the  limb  Ijat  increased  much  in 
^P  siie,  its  circulatitn  is  p^od.  and  (he  child  can,  with  the  aid  of  ft  cliatr,  move  about 
^1  quite  mdily.  We  en  n  reive  it  lo  l>c  selfevident  that  if  thiii  patient  had  not  Ixcn 
^M  treated  with  unu"i»l  pervt'teticy,  or  if  active  measure*  had  been  delayed  much  longer, 

^B         a  condition  uf  ii(e-ti>ii;:  helples<^m  would  have  followed. 

I  ' 


In  consi'leration  of  the  absolute  and  long-continued  paralpis,  and 
loss  of  effetrU  response  to  either  etirrent,  the  above  restiUs  have  hii- 
l^resiied  us  tle<i)ly,  antl  should  teach  that  even  deiperaie  cases  of  infan* 
lile  paralysis  should  imt  be  haslily  abandoned  tu  theli  fate 
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The  ntcxlicat  iliscoses  of  the  male  genital  organs  for  which  electri- 
city is  chiefly  indicated,  are  sftrmatorrhaa,  seminal  emission*,  imp*- 
tcuce,  incontinence  of  urine,  and  paralysis  of  the  bladder. 

As  it  has  been  tloiibled  whether  the  resources  of  the  electro- 
therapeutics arc  capable  of  affording  any  decided  and  lasting  benefit  in 
these  diseases,  we  here  record  not  only  as  the  result  of  our  cnrn  ex- 
I>criencc,  but  from  a  Itnowledge  of  the  experience  of  others,  that  no 
case  in  which  there  have  been  rea^Dnable  grounds  for  hope  can  be 
said  to  have  been  fairly  treated,  until  the  proi>cr  application  of  elec* 
Cricity  has  been  attempted. 

J I  sliould  be  remarked  that  of  si>erniatorr>)cea,  seminal  emissions,  and 
impotence,  the  latter,  taking  the  cases  as  we  find  them,  yields  the  most 
uniformly  and  readily  to  electrical  treatment.  These  three  conUilions 
are,  however,  very  frcqucoily  associated,  and  the  symptoms  of  each 
nicy  be  so  intermingled  as  to  render  it  dif5cult  to  decide  which  presents 
the  most  prominent  indications. 

Spermatorrhea. — There  can  be  no  question  that  true  spermntorrhaa 
"a  nuich  less  freipient  than  is  generally  believed.  It  consists  of  an  in- 
voluntaiy  discharge  of  semen  without  erection,  and  as  there  are  several 
secretory  glands  besides  the  testicles,  the  secretion  from  which  bitni- 
cates  the  urethral  canal,  and  may  even  appear  externally  in  a  healthy 
condition  of  the  i>arts,  the  activity  of  charlatans  has  ttad  a  fair  Geld  in 
which  lo  excite  alarm  among  the  credulous. 

Seminal  emissions  consists  in  an  involuntary  discliarge  of  seminal 
fluid  with  erection,  and  demands  treatment  only  when  it  becomes  ex- 
cessive, and  is  asfociateii  with,  is  dependent  on,  or  is  the  cause  f»f 
constitutional  disturbance. 

Treatment. — In  regard  to  the  treatment  of  spermatorrhcca  and  semi- 
nal emissions,  it  is  hardly  necessary  to  say  that  no  one  method  of 
eleciTJzation  will  answer  in  all  cases.  The  a|>p1ications  may  be  local 
ixed  externally  or  internally,  and  in  addition  ive  tequently  use  with 
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advantage  general  (aradlzation  and  cetitnU  galvanization.  There  is  one 
Diclhod  of  procedure  concerning  the  ill  effects  of  which  we  have  post 
live  convictions.  Wc  refer  to  strong  galvanization  of  iht?  ejacalatory 
ducts,  or  the  parts  in  their  immediate  vicinity,  by  means  of  the  insulated 
catheter  electrode. 

It  is  true  that  if  employed  with  great  caution,  and  with  a  current  of 
very  feeble  power,  no  harm  may  resiilL  Currents  of  considerable 
electrolytic  power  even  may  frequently  be  borne  without  any  after  ill 
eUvccs;  but  it  is  eqttally  true  that  these  sanie  applications,  whethci 
weak  or  strong,  have  in  numbers  of  instances  been  followed  by  ivo- 
found  and  lasting  irritation. 

Deaths  have  been  known  to  result  from  the  effects  of  ihc  forte 
MUttigut.  From  the  hisicry  of  one  of  our  cases,  it  seemed  sufficiently 
clear  that  this  treatniei.t  had  laid  tiie  foundation  of  an  obstinate 
stricture  an<l  in  unolhcrr  aise  of  cotii|iletc  dsstniction  of  the  virile 
power,  it  was  evident  that  the  symptoms  were  in  a  measure  due  lo  a 
most  severe  antl  ill>advist:d  cauterization  of  the  ejaculalory  ducts. 

Electrolytic  action  is  of  course  more  contplctcly  under  control,  and 
although  its  action  is  difTert^iii  from  that  of  the  caustic,  it  is  yel 
occasionally  followed  by  substantially  the  same  results,  and  we  hesi* 
tate  to  make  use  of  Jt  in  the  irritable  conditions  that  we  are  con- 
sidering. 

In  lieu  of  this  procedure,  however,  and  in  addition  to  the  external 
methods  of  treatment,  we  are  higlily  in  favor  of  the  direct  application 
of  the  faradic  current  to  die  urethra,  and  on  the  same  principles,  and  to 
meet  the  same  indications,  ihal  the  occasional  intrutluclion  of  the  ordi- 
nary catheter  la  attempted.  Mechanical  pressure  alone  tends  to  unload 
the  congested  capiltarit-s,  and  lo  very  decidedly  lessen  tlie  seiisibilily  of 
the  urethral  nerves,  and.  when  combined  with  iJie  vibratory  action  of 
the  faratUc  current,  we  are  convinced  that  its  good  effects  are  marked- 
ly iDcreased. 

ImpoUnce, — The  mildest  and  most  frequent  fonn  of  impotence  mani 
fest'i  itself  by  a  premature  ejaculation  of  semen,  with  no  special  diuiinu- 
tior.  of  sexual  desire,  but  with  some  impairntcnt  of  the  grower  of  erection. 
A  ssmewhat  more  persistent  condition  is  shown  by  an  appreciable 
diminution  or  caprieiousness  of  the  sexual  appetite,  with  a  marked  de- 
crease of  the  power  of  erection,  and  again  there  is  not  unfrcquently  an 
entire  absence  of  sexual  desire  and  power  of  erection.  Another  form  of 
impotence  may  be  temied/f/.r^V(i^.  The  unfortunate  subjects  of  this 
condition,  ignorant  of  what  the  normal  sexual  appetite  sh  >uld  be,  often, 
tinica  suppose  that  in  their  case  it  is  deficient.    Depressed  and  distracted 


A 


586  DISEASES  OF  THE   C.EN  I  TO-URINARY   ORGANS. 

by  tclf-brcK>ding,  they  somettmes  fulfil  their  own  .lark  forebodingf,  ind 
Eail  in  their  prelimiiury  attempts  to  iiccontplUh  the  sexual  aa  through 
ihe  very  inlensily  of  their  desire. 

We  shall  not  attempt  to  enter  into  any  consideration  of  the  causation 
of  these  sj'mptoms.  further  than  to  say  that  the  vast  majority  of  cuef 
of  this  character  are  brought  on  by  the  same  general  cause*,  mastur- 
bation, or  ijudaenly  breaking  off  the  habit  of  masturbation,  cxccsiivf 
sexual  indulgence,  prolonged  continence,  or  by  any  iufluence  that 
debilitates  the  system. 

Not  only  in  iis  incipient  but  In  its  more  advanced  stages,  impotence 
nol  unfrt^'iucntly  is  the  result  of  organic  disease  of  the  ncrve-ccniics, 
and  its  treaimetii  by  elccirlciiy  is  of  importance  only  *o  far  as  it  serves 
as  an  illustration  of  the  extraordinary  stimulating  or  tonic  influence 
of  the  remedy.  We  have  had  patients  suffering  from  incurable 
chronic  hemiplegia,  progressive  muscular  atrophy,  locomotor  atAXU, 
etc.,  where  there  has  been,  under  local  and  general  electrization,  a 
most  extraordinary  increase  in  the  desire  and  ca|>acity  for  sexual  inter- 
course. 

EU<tro-Dia^n9iis. — Anastlusia  of  0Ht-ha!f,  usualiy  the  left,  of  tht 
///ti>,  is  a  condition  not  iinrre<|uenlly  observed  in  diseases  of  these  parti 
This  may  be  detected  by  an  electric  examination  or  by  the  lesthestotn- 
eter.  This  peculiarity,  which  was  first  i>oiiitcd  out  by  Schulx,  wre  have 
observed  in  a  number  of  instaticcs.  With  an.xsihcsia  there  may  be 
coldness  and  blueness  of  the  sexual  organs. 

Occasionally  the  anaiMhesia  is  quite  profound,  and  as  a  nite  the  set- 
ual  weakness  is  in  proportion  to  the  degree  of  the  an.e&the<.ia. 

The  nitnibuess  in  these  case.o  is  niuie  than  an  accidental  association  ; 
It  would  indeed  a)ii>car  as  if  it  were,  to  a  certain  extent,  a  cause  \  for  by 
the  ajiplicalion  of  the  ordinary  electric  brush  to  the  parts  tu  the  same 
way  tliac  we  treat  any  case  of  local  anesthesia,  the  numbness  is  often 
removed,  and  the  integrity  of  tlie  sexual  funcliou  restorctl. 

Hyteraslhesia  of  the  urethra  is  a  condition  that  is  sometimes  ob 
■crvcd,  especially  in  patients  othcnvise  nervous  and  irritable. 

In  the  worst  stages  there  may  be  atro|)hy  of  the  testicles  and  the 
penis,  and  a  diminution  of  temperature  that  is  at  once  i>erceptible  to 
the  hand. 

Treatment. — In  the  consideration  of  the  various  degrees  of  impaired 
sexual  power,  the  question  .at  once  arises,  What  are  the  indications,  au'l 
how  are  these  indications  to  be  fnltilled  ?  In  the  milder  forms  of  im|>u- 
tence.  where  there  is  simply  [trematiirc  ejaculation  of  semen,  wiih  sou-e 
Jiuu'utition  of  the  |>ower  of  Pifcuun,  a«  wi*''  in  titc  UMre  aU«aiict<! 
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ftages,  where  the  desire  is  capHcous  and  the  irawer  of  erection  pretty 
■rell  desti-oyed,  it  is  evident  that  there  must  be  a  degree  of  paralysis  al 
the  ruol  of  the  disorder,  dependent  un  structural  changes  tii  the  nerve- 
centres,  or  else  this  iin})aired  power  or  tone  in  the  muscles  and  erectile 
tiftsue  may  be  of  a  purely  local  character.  In  the  latter  case,  the  indi- 
cations are  clparly  the  same  as  in  other  forms  of  local  paralysis,  and  by 
faradization  of  the  ischio-cavemosiis  and  bulbo-cavemusus  luusclei 
much  may  be  accomplished.  In  recent  cases  of  iiuiwtcnce,  where 
there  is  considerable  power  remaining,  as  wdl  as  in  a  more  advanced 
stage,  where  the  power  is  approximately  lost,  we  nut  unfrei]uenlly 
find  that  the  seminal  secretion  is  markedly  reduced,  no:  only  in 
quantity  but  quality ;  and,  reasoning  from  analog]',  it  wmdd  seem 
that  in  such  cases  there  were  undoubted  indications  for  the  use  of  elec- 
tricity. 

The  galvanic  current  especially  has  Che  [wwerof  exciting  to  increased 
activity  the  secretory  function  of  various  glands,  and  not  seldom  ac- 
celerates physiological  mticous  discharges.  The  salivary  and  lachry- 
ina]  glands,  as  well  as  the  liver,  arc  susceptible  to  stimfitation  by  elec- 
trijialion,  and  it  is  undoubtedly  true  lliat  the  lacteal  secretion  has  been 
augmented  by  passing  the  current  through  the  breasts  of  nursing 
women.     (See  chapter  on  Ntitrilion  in  Electro  Physiology.) 

It  is  highly  probalilc,  then,  th.it  a  deficiency  in  (he  secretion  of  semen 
when  il  is  dependent  on  local  paralysis  or  exhaustion  of  the  nerves  con- 
trolling this  function,  and  not  on  pathological  changes  of  a  structural 
character,  may  be  successfully  remedied  by  galvanizing  the  spermatic 
nerves  and  testicles.  We  cannot,  however,  in  all  cases,  de))end  on 
local  treatment  alone.  Not  only  may  impotence  be  associated  with, 
but  ic  may  result  wholly  from  disorders  of  a  general  character.  The 
excessive  use  of  sedative  narcotic  rt-niedies,  sedentary  haljits,  and  gen- 
eral naalnntrinon  from  any  cause,  le:id  to  the  coiidition  under  consider- 
ation, and  demand  the  general  constitutional  tonic  inlluence  of  general 
laradization. 

The  vesiculrc  seminales  and  the  testicles  may  be  affectrd,  and  in 
tome  patients  very  powerfully  and  sensibly,  when  one  of  the  poles  is 
applied  to  the  lower  pirt  of  the  spine,  and  the  other  to  some  pobt  on 
the  thigh  or  against  the  pcnnarum.  A  very  good  way  to  affect  the 
male  reproductive  organs  is  to  apply  one  pole  firmly  against  the  peri- 
nreuiii,  and  (he  other  upon  the  testicles. 

Faradization  of  the  genital  organs  shoidd  not  usually  be  protracted 
longer  than  five  to  ten  minutes;  gah'ani/.aliun  from  two  I')  eight  niin' 
Lies.     The  faradic  current  would  appear  to  be  preferable.     Impotence, 


$88 


DISEASES  OF  THE  GENITO-URINARV  ORGANS. 


tike  seminal  emissions,  may  sometimes  be  treated  by  connecting  the 
ttcd  sound  introduced  into  the  urethra  with  one  of  the  polts  of  thf 
faradic  current,  thus  combining  the  toning  effect  of  pressure  irith  the 
toning  effect  of  electricity  on  the  relaxed  parts. 

.Irfirrma/itm. — Impotence,  as  before  reninikcd,  may  man- 
ifest itself  by  many  symptoms,  and  in  various  degrees;  but 
there  is  one  phase  of  it  that  is,  we  believe,  not  very  com- 
mon. It  consists  in  an  inability  to  ejaculate  semen  while 
the  power  of  erection  remains  vigorous,  and  to  tliis  condi- 
tion the  term,  aspermatism,  was  first  pro|>0!ied  by  Roubaml 
in  1855. 

I>r.  Win.  H.  Van  Buren,  in  an  article  published  in  the 
/^cie  York  Medkal  Journal  Kox  November,  1S68,  suggested 
that  the  difDculty  in  ejaculating  ihe  seiitcn  was  caused  by  an 
exaggerated  spasn}o<1ic  contraction  of  the  muscular  fibres  of 
the  walU  of  the  ejaciilatory  ducts,  leailing  to  their  occlusion 
under  extreme  excitement.  On  this  tlicory  itivould  seem 
that  the  indications  called  for  galvanization  of  the  ejacu- 
latory  ducts ;  but  in  two  cases  that  have  come  under  our 
observation,  and  that  might  fairly  be  placed  under  the  head 
of  this  affection,  the  treatment  failed  to  afford  relieC 

Sptrmat>.*rrha«  att^iattJ  wt'lA  profvuHtl  menta!  ttmd  pkysUaJ  Jt^tt- 
tMi—  Kit  fill  rttavtry  under  gfUfmi  aiul  latatittd  faradhatian  and 
ftntrai  gaJvtiniiati*». 

Ca&k  CXLIII. — Mr.  T ,  a  yoiuh  aged  about  17,  came  under 

our  care  April  33d.  for  ihe  relief  of  tpemutontttaa  associated  mth  pro- 

^itiixl  mental  xtilI  physial  depreuiuu.     The  |iaiicnt  was 

of  «  higlily  nervoiM organ iuuion,  and  tittriliuteil  hit  jymp- 

loms  mniiily  to  the  vice  nf  mnsturliation.  which  be  liail 

practbed  for  a  numlKT  of  ycors,     Tlic  mtLvilei  were  in 

•  flaliby  condition  i  there  wu  marked  anaemia,  and  hit 

iirength  hardly   pcmiiltcd   him   to  walk   h.-Ur  a  doien  Fk^.  i,^ 

blocks  «illioiit  llic  onset  of  a  patoKysm  of  cardiac  yoA-  insulated  Catheter  EIcccSDCk 

[Mtaticin  H'ith  uncr  exhauvllon.      T1<e  mental  faciiltic* 

were  wenl>eiinl,  aii<I  al  the ume  lime  IiIil  fet'Iiiii;^  ivcre  insuchacointitianofbypoebnip 

driacal  iteprcittian  that  he  n-ould  allow  no  hope  of  recovery  lo  tntef  hit  thought. 

Emiwiuni  of  «cincn  occurred  re£ularly  two  or  tliree  timet  a  week.     The  paiieal  w« 

Immediately  submitled  to  (general  farodiiailoii  with  aliematinns  of  central  (;alvan> 

isalii'D  an<l  tociliieil   farad iialion.     At  ibe  end  of  a  month't  treatin«ut  it  va«  'unal 

lliat  there  liad  been  hui  three  seminal  emiuioni,  and  during  the  la«t  itro  we<!(«  noM 

al  all      Its  h3<l  become  dKJdedly  ho]>cful.  atid  could  exercise  buth  nui;d  aivd  boily  to 

a  for  cotter  evict    t^aT^  for  six  montlks  lierure.     The  treatment  waa  diactnuiuued, 

wmI  the  patient  left  the  c 'y  i.>f  Itii  bome.     A»  i>  itie  usual  cuunc  knuwn  uoilui 
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^tondltlocH,  the  improvement  coniinued  aniatemipt«ny,  and  bHore  the  tlote  ol 
tite  summer  a  pcifect  recovery  was  complete. 

Sjtrmatarrhn  atsttiattJ  wilk  txtreint  mtrvnu  exhattUi^u  of  tJirtt  jfttir^  MnJ 
ing-—lntfrtnnm4nl  undtr  g€Htral  faraJiuUS^H  and  ttiitrat gah'anisntiom. 
Case  CXLIV, — G.  II.  W.,  a  youn^  roaii,  aged  about  lwco(y-fi»e  years,  came  tn 
us  September  19th,  cnmpliinmg  of  a  persistent  spcrmatorrh<za.  aasociatcti  with  great 
(ihyijciil  and  mental  depresdnn.  Three  years  before,  he  first  observed  a  decided 
weakn«n  o[  the  ej-uight,  tO);etlicr  with  occaMonal  noctiutul  emLisions  of  seinen.  It 
(liould  lie  !>tated  that  thcac  ■tyinpiom&  ImmcUately  f»llowed  a  lievere  attack  of  inflani- 
niatiou  of  tlie  l>uwd»,  with  eulargeineiiii  uflLc  nincuicitc  gta^ds.  All  bU  life  he  lu'l 
ukIuI^I  in  rna^urbaiion  to  a  coiiuilcrable  CKteiit.  lliii  nervoui  systcin  had  been  K 
Lompletcly  tip6ct  that  for  three  years  he  had  been  unaMc  lu  study  01  to  wmk,  and  at 
meHicaiii^n  .-vnd  i)k  itifliicnre^  of  Irarel  and  cltan^  haO  failed  to  benefit  him,  he  began 
to  despair  of  rcuuvcry,  :uid  hccatnc  lenfotJ  mure  de!<|K)iulcii[,  and  was  to  reduced 
physically  that  he  wa>  unnMe  to  walk  more  than  two  or  three  s>iort  hloclts  wiihout  a 
»cn«c  uf  utter  exhauMtun  ami  a  surcnevi  and  "  drawing  down  "  in  the  a1>dumen  [bat 
was  absolutely  painful.  Seminal  emiuions  occurred  almoM  every  night,  and  added 
immensely  to  hi»  miMry,  both  mental  and  physical.  As  an  crtdcnix  of  tbc  cxcev 
si\'ely  sensitive  condition  of  the  central  nervous  syMem,  it  may  be  slated  that  a  fanulic 
current  of  m'Micrate  strcoji^h  applied  to  the  sacrum  and  lurolior  r^ion  produced  by  re- 
fflex  action  a  decided  tingling  sensation  in  several  remote  parts,  and  e-ipecially  on  liic 
crown  of  ilie  bead.  The  ]iAtieiit  was  submiited  to  general  farad iial ion,  and  imdcr 
tl»e  iuflucnce  of  a  dozan  applications  improved  considcralily  in  strength  of  mind  and 
body.  Subscfiuenily  many  siimlar  applications  accomplished  nolhinc  more  for  him. 
Ualvaniution  of  the  train,  syrapathctic,  and  spinal  cord  was  then  lesurtcd  to.  A 
tunt  impetus  scemci  to  be  immediately  imparted.  TIic  emi&aotis  became  less  fre«)uent, 
and  iinally  occurred  so  »eldom  i&  to  occasion  little  remark.  The  power  uf  continuous 
tlK>l^[hl  returned,  and  at  the  end  uf  another  month,  be  left  as  appar=i;tly  rrcovcred, 

PaUttre  of  the  texuai  p>ni>er  and  Mpirmaturrhaa  AStoeialtd  with  hy/iMhauitriau*— 
Rtfovtry  under  ttntral  galvattuaiio't  and  Ijtultud  fariiJi2atum. 

Cask  CXLV.— >rr.  ~  came  to  usby  the  advice  nf  l>r.  John  Byrne.  For  sev- 
eral years  he  had  iM-cn  nffected  withan  excessive  in  italdlity  of  the  cvnilal  or)[anft, 
'a  consequence  of  which  he  had  become  both  physically  and  mentally  depressed.  In' 
voluntary  e)atidaliuns  uf  semen  were  fre<]uent,  utid  uccurrnl  generally  during  sleep  al 
iiti;ht,  while  ilie  aLiliiy  to  perform  saiisfactority  the  act  of  coition  lecmcd  almost 
inert. 

The  patient  was  treated  by  central  galvimisalion  and  by  farailitatlon  localiied 
directly  ttirop^h  llie  gciiilal  apparatui. 

The  IieiiericUl  revolts  of  the  treatment  were  soon  mfMt  dccitlodly  nianifc*ted.  Tht 
inroluntary  cmi*»loii«  gca«;d  lu  the  course  of  a  month  almost  entirely,  attd  Itie  sexnsl 
power  returned  in  full  force.  As  a  n.i(ural  roult,  the  mental  balance  was  restored 
•ad  tiie  patient  left  lu  ^uit«  hopeful  and  happy. 

CcngtHttai  impeUnet,  with  the  ttxual  imiinet  uttimpairti^Na  improvtmtnt^ 

CAiiiC.XLVI,— A  very  interesting  case  of  congenital  impotence  recently  fell 
under  our  observation. 
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Th«  patient  wu  a  joong  moo  aged  30,  aoA  altbouci)  tt>c  trxnal  butlnd  wts  Mf* 
d«vdop«d,  and  s  uroc^*  fcelini;  ni  wxual  desire  tutd  I>een  iniuiir«<(«(l  from  his  earUcd 
nunbood,  yel  he  had  nnrcr  at  onj-  time  been  ible  by  ftrtiriciol  mean*  10  cxdun) 
orcaan,  or  the  ^Jighiett  ejaculation  uf  vmen, 

ActUAl  inter  course  bad  never  been  atiempted. 

He  wu  subject  to  oco^iunal  nuciuiuiit  eniitnoos,  that  were  accompanied,  bowrvo, 
by  no  plcafruj^ablc  »cn»atioii*-     Simrturally  the  parts  soemed.to  be  in  eveiy  waj  per- 
fect, and  the  fault  undoubtedly  Uy  la  tuvme  uiij^aal  imperfea  coadUion  of  the  1 
lupply. 

No  benefit  was  derived  trxxm  treat  laent. 

AJmut  e»mfl*t€  imfotewt  in  a  fatUmt  agti  ^^—Ptrftet  rteaoery  mnJer  iMmtaat 
faraditatioH  and  gahramitaiioH  »/  tht  tfiimt  anil  tymf^ketu. 

Cask  CXLVIl. — Mr.  X.,  aged  about  45,  wa»  directed  touiliy  \M.  Jainc»ABi)cf>1 
»on,  in  the  spring  of  lB8a.  The  patient  wa«  a  rtoui,  vipirous  man.  and  the  father  of  I 
icvcral  children,  but  for  some  years  he  had  olxieTVeda  gradual  but  decided  dminiiinl 
■exual  pOMer,  ami  at  the  date  of  his  apf^icalton  for  iieaiment  he  a»e(icd  lltat  he  wh 
almost  completely  impotent.     Wc  sul^niitted  him  on  alternate day»  to  localinsd  tara* 
dization  and  galvaniialton  of  the  lower  poftioa  of  the  cord,  am)  occasionally  eitended 
the  galvanization  to  the  neck  in  order  to  bring  more  or  leu  com|>Icicly  uoilcr  the  In-^ 
fluencc  of  ilic  current  (be  sympalbeltcKyttcnt.     Thb  method  was  faithfully  foDowrtli 
out  for  some  six  weeks.     Week  by  week  the  patient  obwrrcd  ii)CTea&in£  sexual  capa' 
city,  and  at  the  ilose  of  the  treatment,  when  he  departed  for  Europe,  be  clatmed  t»j 
psness  perfect  sexual  vifior. 

He  lias  filtered  to  this  dale,  1684,  noTelB[)«e. 

Diminution  of  faaer  oftr^tion  in  a  married  matt  in  tht primt 0/ lift^Ctp%»J*fiu, 
and  dttiiiiy — Rteevtry  under  gtnerai faraditatitn. 

Case  CXLVIII.— Mr.  ,  a  merchant  in  the  prime  of  life,  and  10  all  «pfHr> 

ances  enjoying  excellent  health,  consulted  us  for  inability  to  perform  utisfacloiiljr  iht 
act  of  coition.  This  inability  did  not  involve  an  aluence  of  Mxual  deare,  but  mifily 
a  want  of  power  to  obtain  and  retain  an  erection,  l^iit  gentleman  bad  a  family  of 
several  children,  and  sbice  his  marriage,  many  years  before,  hail  led,  according  to  Iiii 
•tatemenC,  a  correct  and  regular  life,  lie  attrilnitcd  thiit  ptemaiurc  decline  to  early 
excessive  faidutgencc  and  alNise  of  the  generaiire  function.  His  outward  appearaaoc 
belied  his  gcneraJ  coni^licion.  for  he  fuflered  much  from  beodftche,  and  oftcntisMi,  oa 
rising  in  the  morning,  from  considerable  enervatiort. 

General  elecuiution  wa«  dedded  on  and  given,  Icigeiher  will)  local  appllcatbOL 
He  coDlinuetl  Irealment  for  three  weekly  receiving  an  application  every  other  day. 
The  rcMjIl  was  entirely  snii^Arti>ry.  His  general  oinditton  was  so  miuJi  improte>l, 
and  the  vi^or  of  Itis  wxual  organs  was  mi  much  incresaed,  titat  he  waa  enabled  to 
complete  the  marital  ad  as  aatik^torily  as  in  his  youth. 

Impotenee  of  l%i.-4nty  year^  standing  eatued hy  local  faralysii—^Turnhnett  andeM- 
nest  of  the /arts — Defeitnt  p^xtr  of  ereetian — Slight  ttminal  tttrtii^n~^No  im- 
prot»emettt  under  galvaniaaiiom  and  famdimatian. 

Case  CXI.IX.— Mr. ,  aged  44,  wasseml  by  Dr.  Jerome  Smith  lobrlretfcd 

for  impotence  of  Deariylwenty  years' Uaoding.  When  but  l7y«w»oUbecoauacu>l 
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rHcca,  ind  at  the  •£«  of  35  wu  attacked  by  lyphilii.  At  t^«t  line  be  ted  t 
wy  ilik.sij>alctl  life,  anJ  no  sooner  y^an  aii  attack  of  tliii  dueasc  apjuieiitly  cwed  tliaa 
be  roithvHthsabjecied  himieif  toanoilier.  During;  the  Inst  aitnck  tlic  ^lid  Cfciutic  tud 
been  introduced  itilo  llw  urctlua.  T!m  ciuteriuti^^n  producei!  c^tcsMve  inflnmnta- 
tton  ami  finin,  and  vns  fo11owe<l  liy  complete  impotence,  a^'ociaicd  ivitb  a  feeling  of 
nuitilmcM  and  coldncM  in  tlie  {icnis.  lie  liid  te«teii  nearly  all  rciiwdieis  and  at  one 
time,  by  the  advice  of  Dr.  Brown -S^uartl,  he  had  used  hot  ami  cold  douches,  but 
all  without  avaU.  When  he  came  to  ui  the  pcni*  was  quiLc  cold,  and  inurh  l>cl~w 
the  natural  size.  Erection  was  occasionally  possible,  but  he  wai  never  able  to  ae* 
cotnplith  ihe  marilal  act.  The  testes  were  of  an  almost  naltml  tiic,  and  when  the 
penis  ivatulificUlly  excited,  a  ai\*\[  amount  of  semen  wa\iUI  npjiesr.  The  peiiU 
wat  ap]»u«nlly  paralyzed,  and  the  impotence  wa."  inaiiife»lly  djc  lo  ihut  cause  mure 
tluu)  to  ihe  want  of  scmtn.il  jccreiion,  The  palirnt  wa*  a  Monl,  hardy,  vigotoui 
Ruui,  of  a  full  habit,  and  quite  a  free  liver;  and  ncitlior  iit  his  cuuiiteiiancc  noc 
in  hb  general  bearing  bclrayeil  the  slightnl  elfects  or  evi:i)  cunMiouwieu  of  hif 
lAictioa. 

Four  sppllcacionvoflhe  faradic  otTTcnt  were  given,  with  the  effect  of  temporarily 
innea^inc  the  warmllt  of  the  penis,  and  nuthijig  moie.  'the  ^alvaniL  current 
was  then  tried.  It  increased  the  drrulntion  in  the  [>enis  and  L-i>nM.T{uen'.ly  height- 
ened the  tcmperncure  more  than  tht  faradic  current,  but  no  pcrnuoeiit  benefit 
resulted.  Our  patient  then  discontinued  the  trettmcnt,  owing  la  the  pTe»iire  of 
his  biuineu  engageiucnlt.  lie  would  have  persevered,  however,  if  we  h»d  felt  war* 
ranted  in  holding  oot  reasonable  dinnces  of  a  succeifrful  retult  from  a  luug  course  of 
electrisation. 


I 


PrrmatHrt  diithargt  atJ  dtfieUnt  sterHtom  pf  ttmtn,  eaiutd  by  extttihM  uxuai 

iiidulgeuee— Rffoveryuniler  ex/frttai aiij  internal gatvaitiuitwH  and faradiaMitm 
t^mbititJ  with  medi<al  irtatmtnl. 

Cask  CL- — Mr. .  aged   27,   formerly  a  celebrated   eymnost,  and  latterly  a 

prioter,  consulted  us  (or  sexual  weakness  brought  on  h<f  abu»e  of  the;  organs.  The 
tJiscliarge  was  preoiaturc,  and  with  1cm  excitement  than  usual,  and  there  was  a  mani- 
fest deficiency  of  lecreliun.  riic  patient  was  exceedingly  muscuUr,  and  Im  general 
health  was  almost  iwrfeci.  For  that  reason  only  local  Irraitnent  was  employed. 
The  organs  were  faradUcd  iii  the  variuui  methods  twice  a  week,  and  once  a  week 
bUemalgalvaniiatiuii  wAsernLiIoycrl,  [he  metallic  extremity  of  the  calheier  elecirotlt 
teing  direclcl  u  nev  a*  potsible  to  the  orihccs  of  the  cjaculatory  ducts.  At  tli« 
sante  lime  the  |>alicnt  uas  directed  to  take  k  mixture  of  bromide  of  potftssitun  uid 
wine  of  ergot.  Under  tbti  combined  Ircatmeat  the  r«oovery  was  complete  iu  Iwea- 
ly-five  applimtloni. 

During  Ihe  letter  part  gj  the  treatmeHi  the  patient  observed,  during  texual  imUT' 
tomrtt,  a  very  great  itureajt  in  the  quantity  of  lemen  diseharged. 

Diseases  of  the  Bladder. — Tlic  diseases  of  the  blatkler  for  which  elec- 
truation  is  chieJly  emi'loycti  arc  incontinence  of  urine  7.n^  paralysis. 

Incontinence  of  urine  deiiends  on  an  irritable  condition  of  the  neck 
of  the  bladilc/.  While  it  largely  synipaUiizes  tviih  other  disease*  and 
the  gereral  health,  being  frequently  associated  with  hysteria  and  spinal 
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irritiLtion,  it  is  yet  oftentimes  a  purel}'  local  affection.  There  are  nn- 
ous  grades  of  the  disease,  from  simji!e  irritability  thai  makes  it  ncces- 
ury  to  pass  the  water  with  unusual  frequency,  to  utter  inability  to  slec^i 
through  the  night  without  unconsciouoly  "  wetting  the  bed."  The  for- 
mer condltiou  exists  luo&tly  in  adults — especially  in  the  hyslerical  and 
the  aged  ;  the  latter  is  peculiar  to  the  period  of  childhood.  Ic  is  pro- 
bable that  the  pathological  condition  in  children  who  nightly  void  ibcii 
urine  in  bed,  is  not  necessarily  worse  than  that  in  adults  who  only  com- 
plain of  being  obliged  to  pass  the  water  with  abnomiaJ  frequency.  The 
unpleasant  results  in  children  are  due  to  their  profound  sleep  or  defv 
cienc  self-control.  That  the  pathological  condition  in  children  is  not 
always  of  an  im]>ortant  character  is  jiroved  by  the  fact  that  tt  sometimes 
yields  to  purely  moral  influences. 

In  the  treatment  of  incontinence  of  urines  both  external  and  inter- 
nal applications  may  be  used.  In  the 
majority  of  cases  the  inlernal  applica- 
tions by  means  uf  the  catheter  electrode 
(p.  598)  are  not  required.  It  is  needless 
to  say  that  in  young  diildren  the  intro* 
duccion  of  the  catheter  electrode  is  at- 
tended with  difficulty.  The  treatment 
we  prefer  is  faradization  with  s^ong  cur- 
rents through  tile  neck  of  the  bladder. 
In  males  one  pole  may  be  placed  over 
the  symphysis  pubis,  and  the  other  at  die 
pcrinacuni ;  in  females  one  i>oIc  may  be 
applied  over  the  symphysis  pubis  and  the 
other  at  the  lower  part  of  the  sacrum. 
Cases  associated  with  hysteria,  or  de* 
pendeot  on  spinal  disease,  need  central 
and  general  electrization. 

Pregnoiis. — The  prognosis  of  yoimg 
and  recent  cases  is  usually  good,  I^ng. 
standing  cases  also  yield,  but  need  cor- 
respondingly longer  treatment,  and  are 
liable  to  relapse.  Cases  complicated  with 
constitutional  or  central  disease,  which 
are,  of  course,  mostly  found  in  adults, 
have   either  a  favorable   or  unfavorable  cijoshi.        opBa. 

prognosis,  according  to  the  nature  of  the  ^^^^  Vcl^i"^^r  or  El«. 
maJady  with  wliich  they  arc  complicated.  (roUe  (Ducbtnac). 
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Tartth  *  and  Parafysls.—Tuem  and  paralysis  of  the  bUcfJer  sc 
fTcqiiently  depend  on  incurable  diseases  of  the  spine,  that  the  prog 
nosis  is,  as  a  rule,  unfavorable  as  regards  a  complete  cure.  Relief  and 
tiiiprovemcnt,  even  in  very  bad  cases,  may  be  gained  by  faithful  treat- 
ment, but  entire  recoveries  arc  exceptional. 

The  treatment  should  be  extcnial  and  internal,  with  both  the  galvanic 
and  faradic  currents,  combined  with  central  galvanization. 

Rxlernal  applications  may  be  made,  placing  one  i>ole,  the  negative, 
over  the  symphysis  pubis,  and  the  other  on  (he  back,  or  at  the  nape  of 
the  neck,  and  passing  very  strong  faradic  currents  with  intemiptions. 

/«/<rflir/ applications  may  be  made  either  with  the  insulated  catheter 
elcctrotle,  or  with  Duchennc's  double  vesical  electrode  (Fig.  150). 

The  catheter  electrode  may  be  connected  with  the  negative  ixile 
while  the  positive  is  at  the  hyiiogastrtc  region  or  back.  By  means  of  the 
double  exciter  of  Duchcnne  the  current  can  be  more  exclusively  local- 
ized in  the  muscles  of  the  bladder  than  by  any  other  method. 

Gonorrhtea. — It  would  not  be  unreasonable  to  suppose  that  gonor- 
rhoea in  its  subacute  stage  might  be  treated  by  electrization  with  at 
least  as  satisfactory  results  as  subacute  iiiHammatious  of  the  raucous 
membrane. 

We  have  had  opportunity  to  test  faradization  in  three  cases  of  gonor- 
rhoea  while  the  inflammation  was  in  r^uUe  acute  stages. 

Generrhaa — Tem^rary  insrtate  ef  lecrtlicm  unJcr  faraditation — Rteefvtry. 
Case  CLI.— A  gciiileman  rcquesicd  us  to  try  on  Iiitn  electrical  trcalmeiil  fur  an 

attack  uf  goTioriliwa  that  lie  liad  retenlly  contracted.  We  vuubctitcd  to  'lu  v),  will) 
ihe  understanding  ih.-it  ilic  treatment  should  lie  cuniidcTcd  oiexpciimcnlal,  iaascnuch 
Bs  we  bad  treated  but  oue  case  of  ^ouoirbu^  Ly  clevtckily. 

We  emi>loyed  lixal  oiternal  Taraili^atiDn  thiougli  cl:ic  penis,  without  ri^ord  to  tbe 
direction  of  the  current.  After  four  application*  he  rcpfeienled  that  he  was  cared. 
In  this,  as  in  aituihcr  case,  tlicie  was  tome  temporary  increase  of  the  urethral  lecre* 
tion  after  the  Tint  two  applicftt ions. 

These  cases  may  be  taken  for  what  they  arc  worth  ;  they  are  the 
only  cases  of  the  kind  in  which  wc  have  ever  atlemjttcd  electrical 
trcatmciu. 

Chronic  tirethr'is  {g^eet)  we  have  treated  by  mild  galvanization  with 
the  cathercr  electrode  arid  sounds,  and  with  encourayiny  results. 
Electricity  thus  tiscd  acts  well  as  an  adjuv.int  to  the  otiier  treatment, 
just  as  in  catarrh  of  the  noae,  gramitar  lids,  chronic  inllammatioTi  of  the 
middle  ear,  and  analogous  conditions. 

*  From  TOMVii,  txbuaMo^ 
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Sj/pAi/fs. — ^The  severe  pains  of  secondary  syphilis  are  to  a  certaio 
extent  rciicvabic  by  general  and  localized  faradization,  as  we  have  de- 
monstrated in  a  few  instances ;  concerning  the  jwrmancncy  of  thcti 
effects  we  have  as  yet  no  positive  evidence. 

(For  the  treatment  of  syi^hilitic  ulcers,  see  Ulcers.) 

Buboes  may  be  discussed  by  external  faradizatioD,  and  have  bees 
so  treated  by  Hassen<itcin.*     Cliov&tek  lius  used  galvanization. 

Orchitis. — The  electric  treatment  of  orchitis  has  been  particularly 
studied  by  Drs.  Jules  Chiron  and  MorcauWoIf.f 

Iticy  gi^'c  the  results  of  the  treatment  in  nine  successful  coses. 
Their  method  of  lreatm-;nt  was  to  direct  a  galvanic  current  rrorn  ten, 
to  twL*nly-fuiir  cells  of  Kcmak,  through  llie  tunior,  from  two  to  eight 
mimttcs.  Sometimes  the  positive  pole  was  placed  on  the  most  pain 
ful  jioint  of  the  swelling,  and- the  negative  on  the  spermatic  cord.  The 
authors  regard  the  ascending  current  (up  the  cordj  more  effective  thaa 
the  descending. 

Most  of  their  cases  were  cured  by  a  few  (from  four  to  ten)  applicaiioni 

The  great  advantage  which  the  authors  claim  fui  this  method  of 
treatment  in  orchitis  is,  that  the  patient  is  nfit  ebligtd  f»  snspfni  ha 
daily  dtitits,  since  absolute  repose  is  not  necessary. 

CirffHu  nfiUsu  of  six  intnth/  standing  tit  a  lyfkiUlic  palUnt — Apfirsximttt  r^ 
tevtry  under  txternal  gatvenitatign  and /aradiuHhm, 
CaseCLII. — Mr.  W..  aged  about  28,  consiillcd  us  in  Oduber.  (or  40  cniuite- 
mcnl  of  the  left  tetiiclcthat  had  troubled  him  fomx  monibs.  It  was  Bbam  tiriceib! 
■izo  of  the  right  tc«cicl«.  There  wai  ao  pain,  but  a  coobtanl  aenM  of  weight.  T>« 
(Mtienl  was  snlTenng  from  tcconJxry  syphili*,  and  bad,  in  tiiaes  past,  repealedly  ajc 
rienccd  aLlitck«  of  gonorrhoea.  Subic  gftlvaniiatioi)  with  a  current  that  ma  cob- 
fortably  banie  was  employed  for  ten  mioutcs,  the  positive  pole  bdiig  applied  over  tk 
Cctiicle  It  different  pnint«,  and  the  negative  pole  over  tlie  spermatic  cord.  The  paticat 
•tatod  llmt  the  testicle  felt  less  disi^rrecable.  In  two  Ai.y%  there  waa  m  apptrcot 
diminution  In  »ixe.  Tliree  more  timilAr  applicalioos  and  one  EwUntioo  prodaciJ 
an  almost  complete  rccovcrf. 

Enlargement  of  the  I*r<fslate. — The  clcctiical  treatment  of  hyjtet- 
trophy  of  the  prostate  has  been  studied  by  Tnpier.J  who  has  dcmoo- 
slraled  that  ihc  effect  of  faradization  of  lliis  organ  when  enlarged  is  to 
cause  resolution.  The  rationale  of  the  treatment  is  substantially  ilie 
same  as  for  analogous  conditions  of  the  utcras.     The  subject  is  one 

•  GteiTiiKhElcctrsche  Hcilvrerlte,  Ldprig,  1853. 

\  Du  Traltemcnt  dc  I'Orthitei  par  I'applicatioo  let  coonntt  codtintB  connA 
Paris  i^fiO- 
X  Maoncl  d'£lectroth^iapief  p.  567. 
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thai  deserves  investigation  Either  the  galvanic  or  the  faradic  curren. 
may  be  employed.  One  pole  may  be  applied  internally  by  means  of 
an  insulated  catheter  electrode  or  sound,  and  the  other  in  the  rectum 
ajjalnst  die  prostate,  by  means  of  a  rectal  electrode.  We  have  treated 
one  case  of  enlarged  prostate  by  internal  and  external  faradization. 
The  patient,  a  medical  genlienian  about  sixty  years  of  age,  was  seen  ami 
examined  by  Dr.  Goulcy,  who  coofimied  the  diagnosis  of  enlarged  ]>ros- 
tate.  We  treated  him  a  number  of  times  by  external  faradization— 
one  pole  on  the  symphysis  pubis  and  the  other  on  the  perineum — and  by 
internal  faradization,  one  pole  in  the  rectum — insulated  except  at  the 
jwint  where  it  came  near  the  prostate — and  the  connection  made  in  the 
prostatic  portion  of  the  urethra,  by  a  flexible  sound,  passed  through  a 
gum  elastic  catheter,  according  to  the  suggestion  of  Vc.  Gouley.  Applied 
in  this  way  the  electrodes  were  very  nc.ir  to  each  other  and  in  sensitive 
localities,  and  oniy  very  feeble  (urrenis  (oald  be  borne,  and  soinetinies 
alight  hemorrhage  followed  the  treatment  in  spite  of  all  the  caution  that 
was  exercised.  It  was  found  impossible  to  use  sufficiently  strong  cur- 
rents  by  this  method  to  ])rodiicc  any  cfTcct,  and  again  we  rctiiMed  lo 
panty  external  t'aradization.  This  treatment,  which  seemed  to  aggravate 
a  c>^[ilis  that  existed,  was  abandoned. 

Dr.  Mittcndorf,  of  this  city,  informs  us  that  he  has  obtained  decided 
results  in  enlargement  of  the  prostate,  in  two  cases.  He  used  external 
faradization — one  pole  over  llie  symphysis  pubis  and  the  other  at  the 
perinreum. 

D'ueasei  of  ifit  Rtetum. — Electrization  has  been  used  iox proinfsus 
anif  paralysis  of  the  sphtncUr,  and  hemorrhoids. 

The  current  can  be  very  wl-II  localized  in  the  rectum  by  means  of  a 
rectal  electrode  (seep.  545).  which  mayor  may  not  be  partly  insu- 
lated. The  rectum  is  but  little  sensitive,  and  will  bear  strong  cur- 
rents. The  rectum  may  also  be  treated  by  a  double  recta!  exciter, 
analogous  to  that  which  U  used  in  the  bladder.  When  a  single  electrode 
is  used,  one  of  the  poles  should  be  jtiaced  on  the  spine. 

Prof^nosis. — Paralyses  of  the  sphincter  that  depend  on  local  disease, 
like  paralysis  of  the  bladder  dejKiiding  on  the  same  cause,  rarely  offer 
a  perfectly  favorable  prognosis. 

In  prolapsus  ani  Hcnedikt  •  claims  a  few  mostly  good  results.  We 
have  treated  one  long-standing  case  without  benefit 

Hemorrkeidt. — Piles,  external  and  internal,  may  be  treated  by  bath 
currents  applied  inleraally.  Relief  of  itching,  pain,  and  pennanent  im. 
proTcmcnt  in  the  tone  of  the  parts  arc  derived  from  tliis  treatment. 

*  OpL  cU.,  p.  482. 
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DISEASES   OP  THB    LARVNX 


Thk  disease  of  ike  larynx,  for  which  electrization  ha<  been  almosi 
CKcIusivety  used,  is  aphonia^  a  condition  which  arises  (rom  auutjr  morbid 
states. 

Anamia  and  lr!fiatfimathn.—Y.tlcn\a\  electrization  of  the  throat  is  of 
service  as  an  adjunct  in  the  treatment  of  inflamed  and  irritable  con- 
ditions of  ihe  larynx,  but  only  in  rare  cases  has  it  been  thus  employed. 
We  have  found  that  faradization  of  the  neck,  for  from  two  to  five 
minutes,  has  an  appreciable  and  agreeable  effccl  in  diminishing  the 
irritation  produced  by  cauterization,  and  when  continued  exerts  a  tonic 
influence  on  Ihe  organ.  In  cases  of  diseases  of  ihu  larynx,  connected 
with  hysteria  or  anxmia,  the  local  treaiment  is  materially  aided  by 
general  rara<Iiza(ion. 

Subacute  and  chronic  inllam  ma  lions  of  the  pharynx  are  also  treated 
with  some  success  in  the  same  way,  and  on  the  same  principles. 

Method  of  External  EUctrijAiiion. — The  larynx  may  be  electrized  ex- 
lemally  by  various  posirions  of  the  electrodes.  One  pole  may  be  placed 
at  the  back  of  the  neck  and  the  other  just  above  the  manubrium  stemi, 
or  the  poles  m.iy  be  [iressed  against  the  larynx  by  the  inner  border  of 
the  sterno-cleido  mastoid  muscle,  or  one  of  the  poles  may  be  in  the 
hand  of  ihe  ]>atieiit.  These  methods  are  best  adapted  for  the  pur- 
poses of  producing  a  scdarivc  or  tonic  effect  on  the  inflamed  and  irriia- 
ted  membranes.  We  have  frequently  used  this  treatment,  for  aboot 
five  minutes  after  the  application  to  Ihe  lar^'ux  of  irritating  caustics, 
with  saiisfactor)'  results.  There  is  no  question  that  the  faradic  current, 
employed  perseveringly  by  these  methods  and  in  cases  of  anaemia  and 
general  debility,  by  general  clccrrizaiion,  will  alone  accomplish  some- 
thing  in  anaemia,  subacute  inflammations,  and  nervous  debility  of  the 
larynx- 

Aphonia  — Tliere  are  few  local  disorders  that  yield  more  uniformly  ot 
readily  to  any  method  of  treaiment  than  aphonia  to  electrization.  lo 
order,  however,  to  form  a  correct  idea  of  its  value  in  these  cases,  or  to 
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iniclllgcntiy  communicate  the  results  of  electrical  treatment,  it  n  neces 
sary  to  have  not  only  a  knovrlcdgc  of  ilie  general  nature  of  the  diseue 
but  to  apineciate,  so  far  as  po&sible,  ilie  exact  pathological  condition 
ofeacli  individual  cose.  Above  all,  it  is  rtccessary  to  decide  whcthei 
die  sytii)itoni  i&  of  an  organic  or  of  the  so-called  functional  cli.iracter. 
Mackenzie,  wliu  has  had  an  extended  cxi>erience  in  nervous  affections 
of  tlie  larynx,  and  their  ireaiment  by  electrization  and  otherwise,  ado)>ti 
the  rolluninjf  nonienclaturc  of  Uie  jiaialyses  of  the  muscles  acting  on 
the  vocal  cords  :  * 

1.  Bilateral  paralysit  of  the  adiJuctars. 

2.  UuUaleral  pualysi*  of  llie  odducton. 

3.  Bihtcral  pKnIyiU  of  the  obductora. 

4.  Unilateral  iMtralysiM  of  411  Kbiliictor. 

5.  P«ni3ysisof  ihe  tcnton. 

6.  Paraly^  urihelaxura. 

TWeJlrtl  of  tlie  »bove<mcniiMicd  patttoloipcal  cuiiUitions  of  aphotita  U  suppond  to 
depend  most  (requciiily  upon  by&terU  and  dcUilii}',  and  rcuJily  yieUt  to  lre«lincDl. 
In  lhc»e  cMci,  however,  u hich  are  loo  rrequenlly  l^ut  tlie  lu<;al  nionilctulion  uf  ft  con- 
Mitmlontl  (Ibonicr,  it  has  t>cen  our  cu&lQm  to  rely  oa  general  us  weQ  as  loealited 
dedriuttton. 

Central  (liflictdty  is  ranrly  acaufcof  Ijilnlcial  paraly&U  ofClH:  aililuctora,  but  It  U not 
tmcommon  in  certain  siag^tof  iJnhi<is,  In  37  cases  v-f  j*htlii4s,  examined  by  Mackeii> 
lie,  it  which  the  voice  was  affected,  he  fouad  that  in  36  [licrc  vras  rhiclccning  or  con- 
(e«lion  of  the  mucous  membrane  of  the  larynx,  while  in  II  the  afTectioa  was  purely 
fuDciihinal.  Aphunia,  tben,  cueni^tiug  with  putmofiary  tubcrculobi^  may  often  be 
readily  relieved  by  locnl  treatment  alime. 

Hysteria  and  deljiiicy  are  tiol  mj  fic(|uenlly  the  cau»e  ut  uiiilalcral  paialysit  of  the 
*dducton  asot  the  firsl-nimed  c^tidiiifln,  Thl*  »et:ond  cau^e  of  aphonia,  however, 
nay  be  due  not  only  to  phthisit,  but  to  toxiemic  poiiuintiig,  to  syphilid,  to  cotd,  to 
muKular  urain,  and  evca  to  ceretiral  di^av.  We  n-ould  natuially  infer  that  thii 
form  of  apliuaia  would  be  more  pciiiatent  than  the  tint-named. 

Clinical  experience  tia&  confirmed  this  infcrencfl. 

btlalcral  paralpis  of  the  abducton  of  the  vocal  corOi  ha>,  unfuitunately,  foe  itt 
cauiaiiun,  in  the  niajarily  ofca-sci,  some  central  difficiiUy. 

Tlw  pn^oile  1*  of  cuursc  moit  serioui,  but  foriunaiely  ihi*  coiidilion  itveryraiely 
met  with.  Unilateral  pctralyus  of  an  aixluclof,  although  deiwnding  on  the  same  gen- 
eral cauK  as  (he  bilateral  rarm,  yet,  more  frequently  than  ihe  lakt^nauncd,  it  it  excjicd 
by  some  penplicral  irrlEation,  as  prcuurc  on  the  pneunia;;»sinc  nerve,  or  Ujkm  utte 
recuirent  neive,  by  an  aneimsm  of  the  arch  of  the  aoTta.  The  pv^^ow*  iii  iiic*< 
cases  is  alto  urifarinal>le, 

ParalyMs  of  the  tenson  and  laxofc  (both  the  bilateral  and  uoilalcral  form)  arc  tup- 
posed  to  retult,  in  the  majority  of  catcs,  fiom  a  too  prolonged  or  vtolciit  use  of  the 
foicc.     Both  ace  said  to  he  quite  amenable  to  ireatment, 

*  On  Ihe  LftryiiKosropc,  etc,  p.  1S3.  Also  Hoarsenea,  Loss  of  Voice,  and  Strld 
alnus  Breathing,  in  Uelalion  to  Ncrvo* Muscular  Affcclioas  of  Ihe  I.ar)-iu.  1S6S. 
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Spasm  of  the  muscles  controlling  the  vocal  cords  is  an  idditioiuJ 
cause  of  aphonia. 

7VM/««rff/.— Mackenzie's  mclhod  U  to  make  the  application  directlf 
to  ihc  cords  by  means  of  laryngeal  electrodes  (p.  633)  devised  by  htm. 
He  uses  the  faradic  current. 

The  direct  application  of  electncity  to  the  vocal  cords  is  undoubtedly 
more  efficacious  in  restoring  loss  of  voice  than  simple  external  appli- 
cation. This  latter  method  is,  however,  underrated  when  it  is  said  thai 
it  "  seldom  restores  ihe  voice  vhen  it  has  been  lost  any  length  of  lime." 
Several  cases  tliat  we  have  treated  at  various  tiuies  Illustrate  very  dcct- 
dcdiy  tlie  beneliciaL  results  that  may  follow  external  applications,  even  in 
cases  where  the  disorder  has  persisted  several  months.  We  are  the 
more  gratified  to  be  able  to  make  this  statement  from  the  fact  that  the 
external  ts  much  more  readily  performed  by  the  oiieraior  than  the  inter* 
nal  application,  and  is  far  more  agreeable  to  lUc  patient  It  is  far  better 
at  first,  in  all  ordinary  cases,  to  make  use  of  the  external  method ;  and  if 
it  does  not  succeed,  it  is  time  enough  lo  resort  to  the  direct  application. 
The  instrument  of  Mackenzie  is  thus  described  in  his  own  words : 

'*  It  consists  of  two  jwrts,  viit.,  the  necklet,  which  the  patient  wears 
and  to  which  one  chain  of  the  battery  is  attached,  and  the  laryngeal 
electrode  itself,  which  is  connected  with  the  other  conductor.  Tba 
electrode  is  so  constructed  (sec  cut)  that  the  current  does  not  pan 
beyond  a  cenain  point  until  the  pole  is  iixxi,  in  the  laryngeal  mirror, 
to  be  upon  the  voca)  cords,  when  the  operator  touches  a  litde  spring  in 
the  handle,  and  the  current  immediately  passes  through  the  laryngeal 
muscles.  The  necklet  should  be  worn  rather  low,  so  that  it  covers  the 
sides  of  the  cricoid  cartilage,  and  the  space  between  it  and  the  thyroid. 
In  this  way  the  lateral  adductors  of  the  cords  (crico-arytenoidei  taterales) 
can  be  most  easily  reached  ;  and  the  ar)'tenoideus  propnus,  or  central 
adductor,  may  be  electrified  by  placing  the  pole  on  the  }K)5lenor  sur- 
face of  the  arytenoid  cartilages. 

"I  generally  keep  the  pole  in  the  larynx  for  three  or  four  seconds 
;acli  time  it  is  introduced,  and  pass  a  succession  of  short,  rapid  shocks 
through  the  larynx  ;  and  at  each  sitting  I  apply  the  pole  to  the  interior 
of  the  larynx  three  or  four  times." 

Mackenzie  is  of  the  opinion  that  the  effects  are  oTa  re^tx  as  well  as 
direct  character. 

Meyi^r*  reports  successful  results  in  the  treatment  etpectally  of  li|« 
teriul  aj)honia  by  the  electric  moxa,  applied  to  the  larynx. 

*Op.cit.,  p-4j<>et  w^ 


electric  moxa  in  hysterical  aphonia.     It  should  be  borne  in  niina  Inai 
in  hysterical  aphonia  any  form  of  irritatioQi  external  or  internal,  eico 


6oo 


DISEASES  OP  THE  LARYN'X. 


cricol  or  otherwise,  may  cause  instantaneous  cure.  Some  of  the  roost 
brilliant  achievements  of  niestiiemers  aud  of  tliose  who  pr&ctisc  laying 
on  of  hands  and  other  tluiii  in  erics,  have  been  made  in  hysterical  ai>homa. 
Kind  of  Current  to  be  Employed. — For  clecirizalion  of  the  Uiynxi 
pxtemolly  and  internally,  both  currents  have  been  used  with  success. 


IRKITATION   OP  THE   UIJSCLES   OF  THE   LAKVNX.* 

Crico-ihyrold. — This  muscle  may  be  caused  to  contract  by  aii))1}'ing 
iwinted  electrodes  by  the  conoidal  ligament.  The  effect  of  the  con- 
traction is  to  cau^  the  annular  and  ihjToid  cartilages  to  approach 
each  other. 

Arytenoid  Transrerse,  at  the  i»o5terior  surface  of  the  arj-tenoid  carti- 
lages. The  cReci  of  the  contraction  of  the  musck's  is  to  cause  the 
cirtilagcs  to  approach  each  other. 

Crico  arytenoid  and  T/iy  a  arytenoid  wusrles,  in  the  sinus  pyrifonuis, 
between  the  posterior  border  of  the  lliyroid  cartilages  and  the  plate  or 
surface  of  the  cricoid  canibges. 

Crtc0-<iryteneiii  Posteri&r  (dilator  of  the  glottis),  Uo«"nvrard  and  back- 
ward from  the  sinus  pyrifoniiis. 

Cric<taryt<noid  lateraits,  in  the  sinus  pyrifonnts  on  the  extenot 
border  of  the  surface  of  the  annular  cartilage.  Contraction  of  these 
muscles  ]>ruduces  rotation  of  Ihc  cartilages  of  the  lar)-n)t,  with  move- 
ment of  the  %'ocal  cord  toward  the  median  line. 

Tytyro  arytenoid,  beneath  the  anterior  su]>erior  border  of  the  crico- 
arytenoideus  lateralis.  Contraction  of  diis  nuiscle  brings  the  cartilages 
of  the  brynx  forward  and  downward,  am!  narrows  the  glottis. 

Tliyro-epiglctlie  and  ary-epighttie  muscles^  at  the  border  of  the  ept 
glottis. 

Prognosis  in  Aphonia. — The  prognosis  in  a^ihonia  depends  entirely 
on  the  pathology,  in  /u//«7/^«i]/ (bilateral  ffarolysis  of' lite  adductors) 
aphunia  the  prognosis  is  more  favorable  than  in  almost  any  other  dis- 
ease that  18  known  to  science.  The  majority  of  cases  will  recover, 
nhcthcr  external  or  internal  applications  are  used,  although  Mackenzie 
contends  that  the  recovery  is  much  surer  and  speedier  than  when  only 
internal  apiilications  are  used.  He  says,  out  of  more  llian  txi'9 
hundred  such  cases  he  has  succeeded  in  all  except  four.  In  some 
of  these  cases  the  aphonia  was  of  six,  seven,  and  even  eight  year^ 
standing. 

*  The  suljjcct  of  direct  electriiatiga  of  llw  laiynccal  niucka  bai  Ikoi  tfodied  b] 
ZienikKD.     Eleklricittt  Lo  >Jer  Medicin,  1S66. 
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In  unUaterai  paralysis  of  iht  adduelort  the  prognosis  is  good  when 
the  orij^n  is  IocaI,  and  bad  when  it  is  central. 

In  bilateral  paialysls  cf  the  abductors  and  unilateral  paraiysis  of  the 
abductor  ihc  prognosis  is  unfavorable. 

\i\  paralysis  of  the  Unsors  of  tk4  vocal  (ord  the  prognosis  is  usually 
rivorable. 

\t\  paralysis  of  the  laxors  of  the  vocal  cord  the  prognosis  is  on  the 
whole  favorable,  but  nmcli  time  is  required. 

/f/^^wrd  */"/cw  mouths'  ttamJing,  emftfj  by  txpatitr*  to  <vW — Jt«rttif$y  a/Ur  thret 
ixternat  JaradivUtMu. 

CL1II. — Miss  F..  a  robust  youne  Uily  of  iS,  consulted  u»  In  Ociotxr  (or  a  per- 
sistent aiid  an  alruosi  complete  aphonia,  from  which  she  bfid  been  suffering  vriihoai 
any  relief  for  four  mouths. 

She  staled  that  on  tlie  evening  of  the  attack  Uie  was  enjoying  a  sail  with  a  part^ 
of  yoang  TrEcndi  on  on«  of  our  rivers.  She  had  for  some  time  ptevjomly  complained 
of  slight  inilaiion  of  iliroal,  hul  it  canud  but  liiUc  aimtijoiue.  Tlie  evening  wai 
•Omen-hat  ilnmp,  ami  t)te  palient  careleiutly  uncovere<l  her  liend  ilnring  ihc  wlioic  tinM 
the  (uily  leiii-iincil  in  llie  l)Uiil.  While  uiiging,  and  mdeavoiing  to  dtilie  a  very 
higli  note,  the  felt  a»  if  Komething  in  tier  tliroiU  had  "relaxed  or  suddenly  given 
way."  For  one  wc«k  she  remained  so  completely  ap1ji>nic  th.1I  ilie  coutd  not  utter 
an  iittcUiftnl  word.  In  the  course  of  another  week,  liowever,  i.he  could  ipeak  at 
timet  M  as  tu  !>c  undct&looil,  but  only  willi  con«iilerabte  ilt(ficu]t>',  and  not  above  ■ 
very  feeble  uhtspcr.  At  this  point  all  inipforcment  ceased,  and  no  forin  of  mcdica* 
tion,  or  external  or  inlcnial  applicnlian,  Memcd  to  be  of  any  l»encfit  wlialevcf. 
Laryngowopic  examination  revelled  th«  following  condition  of  the  parts  aflectedi 
On  attempting  to  speak  the  rit;ht  vocnl  cord  remained  almii^t  if  not  quite  motiunlest, 
while  its  fellow  approa<:licd  llic  median  line.  It  was  evident  from  the  feeble  and 
iraperfect  wurking  of  the  left  cord,  thai  it  alio  was  i;ouuderably  involved  and  doubt- 
lass  had  been  completely  paralyzed.  The  surrounding  tiseues  were  cond<IcraMy 
congested. 

The  ne^iire  electrode  was  placed  upon  the  spjne,  between  the  shoulder.bladea, 
and,  UMn^  uiu  6ngcri  as  electrodes,  we  pasf«d  a  steady  curretit  through  the  neck 
for  about  t«n  mlnuiev  At  the  conclution  of  the  stance,  the  paiEcnt  could  speak 
in  quite  a  loud  whi^]>er,  and  a  Kcond  examination  with  Ihc  laryngoscope  revealed 
the  fact  that  ihc  right  vocal  chord  pcrcreplibly  approached  the  median  line  during  llie 
act  of  phonattun.  The  voice  of  the  [uticnt  gained  strength  rapidly,  until,  in  four 
days  and  after  receiving  but  two  similar  appticationi,  ihe  was  nlde  to  speak  at  loud 
and  sing  as  vig<jrou»ly  as  ever. 

Afhtfma  f^lljwiitg  iti*4fiep'a — Rapid  retovtry  under  dirtet  /aradiuithH  0/  tAi 
tMuselei  of  Ih*  glatiU. 

Case  CLl  V._Miss  G.,  aged  23,  and  suRenug  from  funclLonal  aplionia  ■ubscqacnt 
10  a  slight  diphtheritic  attack,  cimc  tons  for  treatment.  Her  inability  to  ipeak 
above  a  whisper  hnd  existed  some  two  weeks. 

Examination  with  the  laryngoscope  revealed  bilateral  paralysis  of  the  inuacles  clos- 
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ing  the  glottl!^  with  ft  slifibtly  coneest«d  cooditioD  of  the  surrDondlag  -Jsuei.  TW 
[Client  wa*  uucmic,  and  excwiivcly  nervoui,  and  in  the  ucalment  we  ftlleruated  gca- 
era)  farailiutiun  nilh  direct  EuuUcatioQ  of  the  miuclcs  of  the  eloClii. 

Tbc  cunic  cfTccls  t,(  these  ■pplicaiioru  were  soon  mauifcal,  cot  only  in  tbe  isryu);cftl 
muM^Ica,  but  upon  the  tytlciD  gcua^y  as  wcU. 

She  gaii^cd  ckpidly  in  aervotu  v^or,  aoil  within  two  weeks  her  stnaetb  of  toiee 
entirely  lelumed. 

Dr.  I".  I,  Knight,*  of  Boston,  has  reported  a  case  of  complete  iian])-sts 
of  one  recurrent  lar>'Dgcai  nerve,  and  partial  paralysis  of  the  other,  tlut 
was  benefited  by  the  galvanic  current  locally  applied. 

The  following  case  we  transcribe  from  Mackenzie's  work : 

iJftfkonta  «/  a  ymr'M  dmrclioH,  from  far^yiit  a/  tht  Uxart  <•/*  tMt  rifkl  vormt  e»rt 

tuteJ  by  tltttricily. 

"  Hftdftm  C ,  »gcd  34,  ft  iirofeaionftl  wngcr,  cuntuUed  me  in  Uay.  1865,  on 

■cconnt  of  a.  diliicully  she  had  experienced  during  llie  but  year  in  funninB  her  lowti 
■oltt-  Uer  voice  in  the  ordiaajy  way  eatcndcU  from  d  ftbove  the  line  to  a  l>elow.  A 
yew  a£o  she  first  experienced  slight  diilkully  in  furming  the  lower  a,  and  in  Jftoury 
she  couid  not  rcAch  l>eyoncl  b.  During  the  lft«t  two  munlhs  ili«  hod  not  Liecn  ftUe  lo 
sbg  at  ftll,  even  in  private.  She  broke  down  directly  >lie  attempted  even  a  few 
■toUs.  She  attributed  the  loss  of  power  to  a  strain,  a»  the  rir>t  noticed  the  difficidly 
after  ibe  performance  of  a  long  and  trying  cantata,  wluch  liad  txen  twice  cncurad. 
At  the  lime  she  had  experienced  'a  stinging  seosalioo,  extending  front  the  rigbl  sale 
of  the  ihroai  up  towards  the  ear.' 

"She  Kiul  l>cen  constantly  under  treatment  nnc«  her  voice  Ant  became  aflectad. 
The  only  thing  which  had  seemed  to  Aa  her  good  was  a  solution  of  caustic  ^iplied  to 
the  throat  u>  ith  a  piece  of  sponge  at  the  end  of  a  whalebone  rod.  Bui  though  Uiii 
trMtment  always  gave  temporary  relief,  tficre  was  no  pcrnuuient  improvement.  Os 
making  a  laryngoKopic  examination,  the  parallclisa  t>ciwecn  the  vocal  coids  wnieca 
to  be  lost,  tlic  right  cord  curving  away  in  the  centre  from  the  median  lioe. 

"  The  treatment  ^direct  electrization  of  the  right  vocal  cord)  was  long  and  tcdioai 
in  this  cose.  At  tlw  end  of  six  weeks  there  did  not  appear  to  be  any  improrcnMnt, 
and  t  douLd  have  gtvcn  it  up  had  not  the  patient  most  earnestly  begged  of  me  to 
conlinne  a  little  Longer.  I  was  glad  that  1  did  so,  for  a  fortnight  laler  the  patknt 
perceived  a  marked  improvement  in  ihc  voice.  In  order  to  test  ilie  voice  I  bmJ  to 
allow  Ihc  patient  to  suig  a  few  notes  once  a  week,  but  at  no  other  time.  At  lb«  end 
of  three  mimtht  the  voice  was  decidedly  improved,  and  the  following  autnmii  the 
voice  was  10  completely  restored  tliat  tJie  lady  was  aUe  to  accept  an  en^^^apMt 
in  MadrM." 

Spasmus  Ghilidis  {Laryngismus  Striiiulut — Spasm  of  the  Gl^- 
its.) — In  tliiii  affcxtion,  which  is  acknowledged  to  be  of  a  nervous  char- 
acter, electrical  treatment  is  indicated  on  the  same  principles  on  whicli 
it  is  indicated  in  tortko.'Hs,  wrttei^s  eramp,  and  ftuial  spasin. 

The  disease  is  caused  by  any  influences  lliat  depress  the   r)-&tciu. 

*  See  Archives  of  EIcctmloQ-  and  Neurology,  May,  i!i74- 
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In  children  it  niay  arise  b)'  reflex  action  from  the  irritation  of  Iccthing 
or  of  worms  ;  in  adults  it  is  often  an  accompaniincat  of  hysteria,  and 
arises  from  diseases  of  the  sexual  organs. 

Treatmetil. — General  faradization  and  galvanization  of  the  sympa- 
thetic, and  external  galvanization  and  faradization  of  the  lar}'njt  by  any 
of  the  methods  previously  described. 

Tobold  reports  success  witU  peripheral  and  central  galvanization  in 
lhi»  disease.  A  strong  maiden,  23  years  of  age,  who  was  attacked  regu- 
larly every  night  with  severe  spasms  of  the  larynx,  was  entirely  cured 
in  four  weeks  by  galvatuzation. 

Neri'ous  Cough. — Electrical  treatment  is  sometimes  excellent  for 
nervous  coughs  of  various  kinds.-  External  faradization  or  galvaniza- 
tion or  central  gaJvani^ation  are  indicated.  _ 

llie  following  unique  case  may  as  well  be  inserted  here  : 

SfoiKiadU  tough,   uniijut  in  iAnrtuter,  and  of  UHiu\tal pertisftnty  and  teveriijr^ 
Recovery  undtr  efUlral  gahfoniMatMH, 

Ca^E  CLV. —  Miss  H.,  aged  16,  wu  t^Jll^fcrrc^l  lo  our  care  by  the  family  pliysi' 
dan,  Dr.  11.  II.  Uicgury.  The  case  ii  an  cuamptc  of  an  unuiually  niKcptiblciicrroui 
organiznlion,  unti  is  n  gixKl  illuslralion  uf  the  rendinest  wi(h  which  miny  so-called 
nCTvoui  lymploini  change  tlieir  «al  anil  character.  Tlie  <Ii»linc[  antl  positive  featurn 
tliol  sUnil  so  bulilly  relieved  in  the  progreu  of  lliit  particular  caic,  may  serve  to  ex- 
plain  llie  more  kulillc  anil  lettinarkc<l  (Aaagia  of  ■ymptom»  ttiat  to  ofl€D  occur  tu 
cntain  nervous  diatheses,  unly  to  perplex  and  to  set  at  naught  ihc  resources  of  thera- 
penlics.  The  patient  wa»  r  lively,  impFcs^iMe  glfl,  pfooe  to  physical  iii<?iicrelioiis, 
'and  careless  gf  consequences.  She  had  differed  for  a  number  of  years  from  frequent 
wul  unusually  severe  attack*  of  sick-hcodaclte,  but  as  *oon  as  the  paicxysm  liad  paued 
■tway,  she  regained  bcr  usiuJ  sircngib  and  buoyancy.  The  sudden  and  unexpected 
death  of  a  si»icr,  naturally  enough,  stirred  up  her  emotional  nature  to  tis  depths,  and 
togetlicr  with  on  imprudent  exposure  of  her  j>ci-sun  to  cuU  and  dampness,  seemed  to 
be  I  he  exciting  cause  oft  most  remarkable,  persistent,  and  distressing  cugh,  which, 
slight  st  lirsi,  reached  its  height  in  seventy  lit  llic  monih  of  Mardi,  1873.  .Vmid  the 
numberless  cflbitJ  that  vrcre  made  by  both  iruem.i1  mc«llcation  and  inhalations,  but 
one  remedy  seancd  to  be  of  the  slightest  service.  For  a  time  the  piuoiysms  seemed 
to  al>aic  somewhat  under  the  influence  of  chloral,  ailhough  no  pemtancnt  bcnc£t  waj 
derived  from  its  use.  When,  during  the  latter  part  of  July,  we  Rrst  saw  the  case, 
through  the  kindness  of  Dr.  Gregory,  the  following  was  the  pfominent  :haracterii>tic 
of  her  paroxysmal  attacks:  Every  one  will  instantly  leco^rnise  ihc  ficculi^r  har^li  01 
grating  sound  \%hich  is  so  often  cliutcd  by  the  downward  lluust  of  a  saw  ihat  is  im- 
properly handW  or  in^ulTicicntly  oiled.  The  cough  of  our  patient  exactly  simulated 
this  sound,  and,  when  tt  first  fell  upon  our  ear»,  vre  sup[>oscd  tliut  some  one  was  taw* 
tag  in  the  adjuining  room. 

UuTing  a  paroxy^nn,  (he  cxplrai  )ry  efforts  were  jnst  one  a  second  in  frequency,  and 
fr-im  a  doien  lo  aisty  in  number. 

The  violence  of  the  attack  wwild  radt  hei  terribly,  and,  when  prolonged,  was  fo^ 
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lowed  by  coiuideriJtIe  exhaiulion.  The  paroxj-sou  ihenssclve)  occbired  M  oltcA, 
•ome  twenty  or  tweiity-flve  timet  dnriiig  the  twcDty-ranrhodn,  th«t  ihewasivces' 
urily  obli  jcil  lo  give  up  all  attendoDcc  at  place*  of  public  resort,  and  oonfin:  ber- 
trir  moiily  at  horre. 

Oit  account  of  our  sbtcnce  from  the  cily  moat  of  Uie  month  of  Au^vtt,  ihe  px- 
lient  wft%  not  fairly  s-ubnutted  to  ourtmiment  aniU  September.  We  then  silKnitud 
her  (a  a  lhoroui;h  LryngoM»pi<;  ciuniinaliaii,  aiul  Eoniul  nutnitig  almonnal,  wiib  lb« 
exccplion  or*3  iliglit  canlcovy  lo  congesibD  of  tlte  local  cliunh.  To  disMpaie  an; 
doubt  in  rct^anl  lo  iIk  exUlcnce  of  pulmonary  dncatc,  Uic  patient  vro*  iSaiougtity  cs- 
aroincd  by  Ur.  Aiioiin  Flint,  who  pronounced  the  lungs  to  l*e  hi  a  healttiy  comliiion, 
an'i  agreed  at  to  the  eacntially  nervous  origin  of  the  symptoina. 

In  the  trcnlmnil  of  the  case  by  cmlral  galvaoiiatioD  we  vete  jTatlfied  to  ohatwe, 
aftci  the  ru»t  lew  icniaiive  appLicaibns,  an  apprcciaUe  improv«nient  Intliiduiac- 
Icr  nf  the  cough.  lo^Mud  of  that  bai»h  ani]  painful  Mnml,  remltin^  aa  we  believed, 
frum  ilie  exceedingly  tense  cooditioa  or  Ihc  vocal  diords  the  cough  aatumol  a  uAcr 
or  looker  character,  and  Hbs  much  Ins  disturbing ;  this  we  conceived  depended  ob 
the  ilci:ieaMi)  luciil  tpajniodic  action.  I-'reed  from  weaiisome  details,  the  MilMe<iueat 
hiilory  uf  the  case  U  included  in  the  ftimple  statement  ttiat  the  patient  improvn)  Ermb 
lime  to  lime,  ujilil,  after  two  moutlis  of  Ircalment,  and  the  adminulration  oS  KiBK 
thirty-live  applications,  the  recovery  was  perfect. 

Two  year»bave  now  clapied  ainoe  recovery,  but  the  patient  remaiua  weU. 

In  the  case  of  a  young  girt  sent  to  us  by  Dr.  Learning,  there  was  i 
nervous  cough  iltat  perfectly  resejiibLed  the  barking  of  a  dog.  huyn- 
goscapic  cxaininatiou  revcalctl  nothing  lo  account  for  the  strange  synii*- 
toiD.     Llcctrical  treatment  accotupliahed  notlung. 

Hyf>eraUhesia  of  the  Larynx. — Cases  of  this  disease  have  been  re- 
ported by  Gerhardt  and  Hanfield  Jones.  They  may  be  cither  constant 
or  interiiiiiteiir.     ITie  following  case  is  quiie  reiuarltable : 

Hy/fratthfsia  tf  larynx  with  mervant  o/hanis  «f  cm  war*t  tUnJing — ff*  via* 
tie  Uiion,  tut  tH^ki  tu^rculaut  dtpiml  on  Itutg — Grtat  fain  Jrwrn  taikimg^ 
iVtf  Relief  undtr  untrat  amd  (oiai  gaivauit^hn. 
Cask  CLVI. — Miu  B ,  a  young  lady  from  ChkagD,  was  teferied  to  ua  by  i>c 

Johnaon.  of  that  city.  December  t6. 

Tlic  pniienl  was  of  a  Jelicate,  tliorougldy  Aoiericai)  lypc^  but  do  more  ncrvoos  iliaa 
thnuvuiJi  of  our  coutitrywnmen. 

l-'or  one  year  the  lad  »uJTcred  from  absolute  aphonia.  The  laryngovnptic  eumlna. 
ticn  of  I>r.  JtiliTison,  her  physician  in  Chicago,  and  of  othcti.  indiiratcd  nu  lauil  Icnds 
that  could  nell  wcounl  lur  ha  symptoms,  although  a  slight  tubcrailniu  depos^  of  a 
passive  and  nniionary  character  was  dctectd  by  Pr.  Clark  in  oikc  lun^  AU  ihc 
acconpauyuig  symploins  pointed  to  a  nervous  origin  of  her  diaease.  The  b>-perwMhe^ 
»ai  very  remarkalde.  The  pal  lent  taid  the  pain  froin  wbisperiiif  was  so  great  thai. 
**wlieD  I  try  to  whi>[fer  1  wiTer  terribly,  became  difzy,  and  have  pain  iu  ray  ear."  "  I 
often  feel,"  she  continued,  "  as  if  every  word  I  wbbpered  grated  on  the  79cal  coniU, 
aoil  lo  laugh  would  make  the  coidt  a^Ae,"  Almost  continually  there  was  pala  bi  the 
throat,  and  on  this  account  her  nights  were  wakefiil. 
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The  erideocc  mt  pnitj  clear  that  tb«  nen-es  supplying  Ibe  larTiut  were  ia  a  cod* 
dition  at  gnu  hypcrrsihciii,  producing  a  conrtilion  uiolosotuto  vaglnUmiiii. 

In  Chioigo  Dr.  Johnson  had  u*«il  elKlrical  treatment,  with  a  view  to  e<icile  Ihe 
actkm  of  the  cord,  without  bcDcfit.  StaWc  jjaUaniMlion  was  uwd,  nuiiUy  with  ihc 
view  of  calming  tho  imtabilily  anJ  reducing  the  hjfperw»lhe«a,  but  wUhout  »uirce*s. 
In  about  a  month  the  paticitl  went  Sonlh  for  the  winter,  and  we  have  not  seen  lier 
(ince  that  time. 

One  amon^iit  other  intcrestio];  points  tn  this  cue  is  the  elinical  prooraJTorde^of  the 
nervous  connection  of  the  vocal  cords  with  the  meatus  audiloriut  anil  membrina 
tympani.  The  anatomical  explanation  of  the  phenomcnan  recoriled  here  is  to  be 
(bam)  in  (liei/trA'/comniuaicattoo  exUlIng  between  the  auricular  nerves  (first  detcribcd 
by  Arnold)  and  the  sensitive  fibres  which  enter  bo  largely  bilo  the  comporillon  of  the 
main  trunk  of  the  pncumogastrici. 

Anasihena  of  the  Larynx. — This  is  an  affection  but  rarely  observed. 
It  would  be  most  Hkcly  to  occur  from  injury  of  tlic  pncunirtj^istric 
nerves  of  their  laryngeal  branches. 

It  is  rational  to  suppose  that  anxsthesLi  of  the  larynx  might  be  sue 
ccssfuUy  treated  by  electrization  in  its  various  foniis,  on  the  same  prin 
ciples  that  this  morbid  ccndiiion  is  treated  in  other  i>arts  of  the  body. 
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For  iwo  reasons  the  diseases  of  the  e>*e  are  not  quite  as  amenable 
electrization  as  corresponding  or  analogous  diseases  in  some  other  pirti 
of  the  body. 

Firsl.  The  anatomical  portion  of  the  eye  Is  such  tliat  the  current 
cannot  be  directly  localized  in  some  of  its  parts  ;  and  stetmdly,  the  ap- 
plication of  a  very  strong  current  is  sometimes  contra-indicated  by  the 
sensitiveness  of  the  conjunctiva,  and  the  possible  injury  that  may  be 
done  tc  the  brain. 

For  these  reasons  paresis  and  paralysis  of  the  muscles  of  the  eye— 
the  conditions  of  the  organ  that  arc  most  freqticntty  treated  by  elec- 
tricity— cannot  be  as  successfully  subjected  to  electro  diagnosis  or 
therapeutics  as  the  same  conditions  of  many  other  muscles,  altliou^ 
therapeutic  results  in  many  instances  of  a  decided  character  are  obtained 
from  electrization  of  tlie'paretic  or  par:ilyzed  muscles. 

The  principal  diseases  of  the  eye  for  which  electricity  has  been  en- 
ployed  with  more  or  less  success  are  : 

Paralysis  of  the  Muscles^  Ptosis, 

Asthenopia,  Opacities  of  the  Cornea, 

Retinal  Jfyferasthesia,  Photophobia, 

Amaurosis  and  Amblyopia^  Afyosis  ami  Mydriasis, 

Spasm  of  ths  Lid,  atid  Neuroreiinitis, 

£lei-tritation  of  the  £ye.—TiK  c\cctnc  current  affects  the  eye  both 
directly  and  ihrongh  reflex  action  from  the  fifth  pair,  and  also  through 
the  s)'mpathctic.  As  has  been  stated,  the  analoniical  position  of  the 
eye  within  its  bony  cavity  tnakes  it  impossible  to  reach  all  its  iiaris  ai 
directly  as  could  be  desired  ;  while  the  exceeding  delicacy  of  its  struc- 
ture makes  it  at  least  very  difficult  to  make  the  applications  imme- 
diately to  the  conjunctiva. 

The  eye  may  be  electrized  in  a  general  way,  in  asthenopia,  for  ex- 
ample, by  pressing  one  large  positive  electrode  over  the  closed  eye, 
and  the  other  at  die  occiput  or  by  the  side  of  the  hca<l  above  the  cheek- 
bone ;  or  one  of  the  electrodes  may  be  held  in  the  hand.  IVhea  it  if 
desired  to  produce  chemical  changes  in  the  eye  this  stable  method  o' 
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application  may  be  used  for  some  time.  Placing  the  positive  pole  on 
the  forehead  or  in  the  auriculo-maxillary  fossa,  the  superior  ohUque  may 
be  excited  with  the  negative  pole  on  the  upper  aiid  inner  part  of  the 
orbit ;  the  inferior  oblique  and  rectus  inlernus  near  the  inner  angle  of 
tlie  eye  on  the  side  of  the  nose  j  the  rectus  exiernus  at  the  outer  angle 
of  the  eye;  iht  rectus  superior  at  the  upper  part,  and  the  rectus  in- 
ferior at  the  lower  part  of  the  eyeball.  Galvanization  of  the  eye  with 
interrupted  currents  to  affect  tlie  muscles  should  usually  be  short,  but 
stable  or  labile  faradization  with  large  electrodes  may  sometitncs  be 
nude  for  a  much  longer  time — three  to  ten  minutes. 

Paresis  (exhausiwn)  or  paralysis  of  the  muscles  of  the  eye  raay  arise 
Irom  cerebral  lesions,  or  may  be  of  a  peripheral  character.  Locomotor 
ataxia  is  frc-ijucnlly  preceded  or  accompanied  by  disorders  of  the  mus- 
cles of  the  eye. 

For  the  purpose  of  affecting  the  muscles  of  the  eye  tlie  galvanic  cur- 
rent is  usually  superior  to  the  faradic  A  small  number  of  cells,  from 
ten  to  fifteen,  are  usually  sufBcient.  Calvaniitation  of  the  syniiuihetic 
should  also  be  tried  in  those  cases  that  are  supposed  to  be  of  cerebral 
origin.  Short  treatments,  from  one-{iiiarter  of  a  minute  to  one  or  two 
minutes,  arc  preferable  to  longer  applications.  In  these  conditions 
protracted  stances  not  unfrequenily  do  injury. 

Here,  as  elsewhere,  the  sensitiveness  of  the  patient  and  the  results  in 
each  case  are  perhaps  the  best  guide.  And  yet  it  is  alwaj-s  well  to  be 
cautious  in  the  first  ap[>lication.  In  diseases  of  the  eye,  as  of  other 
parts  of  the  body,  we  meet  with  exceptional  cases  that  will  bear  and 
be  benefited  by  very  protracted  applications  of  mild  galvanic  currents. 

The  unfortunate  accident  that  happened  to  Duchenne — total  de- 
struction of  the  sight  of  a  patient  immediately  after  galvanisation — did 
much  for  a  time  to  retard  the  cleclro-lhcraiwutics  of  the  eye.  The 
accident,  however,  has  never  been  repealed,  although  the  clcctro-thera- 
peulistsof  the  present  diy  galvanize  the  eye  and  the  brain  with  great 
freedom. 

Localized /rfrfl(/(>(iA>n  has  been  somewhat  successful  in  the  treat- 
ment of  paralysis  of  the  muscles  of  ihc  eye  in  the  hands  of  Meyer,* 
Soelberg  Wcllsf  and  Althaus.^  Altliaus  has  succeeded  with  tlie  fara- 
dic current  after  failure  \viih  the  galvanic.  The  current  reverter  elec- 
trode is  very  convenient  for  the  treatment  of  paralysis  of  tlie  muscles  of 
the  eye. 

Prognosis  in  Paralysis  of  the  Muscles  of  the  Eye. — The  prognosis  of 


*  Ofx  dt.  p.  378.       t  Diicases  of  the  Eye.  iStip,  p.  56S.       %  Op.  dt,  p.  49^ 
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paralysis  of  the  eye  that  depends  on  cerebral  lesions  U  usually  unfevnr- 
ablc.  Cases  that  arise  in  the  early  stages  of  disease  of  the  brain  or 
spinal  cord,  as  locomotor  ataxia,  and  early  syphilitic  cases,  offer  a  good 
prognosis,  though  they  are  disposed  to  relapse. 

Pertphcnil  cases,  when  taken  In  the  early  stages,  have  a  very  favor- 
able prognosis,  but  not  so  vrith  cases  that  are  long  standing. 

Benedict,  speaking  of  the  prognosis  in  cases  of  paralysis  of  the  eye, 
declares  that  of  eight  cases,  from  various,  causes,  that  were  sent  to  hhn 
by  Weclcer,  of  Paris,  in  seven  There  was  immediate  improvement.* 
The  same  writer  slates  that  when  the  absolute  excursive  capacity  of 
the  pupil  is  little  altered^  but  double  vision  is  present  in  a  great  part  of 
the  visual  Bcid,  the  prognosis  is  unfavorable. 

In  some  cases  improvement  follovrs  early,  after  one  or  two  sittings, 
or  during  the  midst  of  the  silting ;  in  other  cases  not  until  ten  or 
fifteen. 

The  tendency  with  patients  and  physicians  is  to  abandon  treatment 
in  p.iralyiis  of  muscles  of  the  eye,  without  giving  it  a  fair  trial.  They 
certainly  demand  as  long  treatment  as  analogous  affections  In  other  parti 
of  the  bod  v. 


PartsU  of  tht  itft  fKlernat  rettux  muuh — tma^ediatt  impr^vtrntnt  umdtr 

/araJitatioH, 

Case  CLVII. — Mr.  M.  B.,  with  paresis  of  the  Icfl  Inlental  rectos  muicle,  wtSKnl 
to  us  by  Di.  C  R.  Agnewfor  eUctncxI  trutnKnt.  The  fir«  sjmptoinsof  tbedifical-'T 
(lilted  same  iiiutulis  \>ax\i,  juKt  after  IiU  return  from  the  West,  when  he  hod  bm 
iub|ected  to  unuKual  fotic»c  A  powerful  current  (fani/lic),  localured  a»  nearly  u  pofr 
sible  in  the  alTcctcd  mu«clc,  very  markedly  relieved  the  Itearioen  of  the  efdU,  mhI 
immedUtcly  improvci  the  Jight, 

For  over  a  inontli  the  patient  had  boea  able  to  read  only  inperfeetly  and  villi  dil> 
ficulty.  white  an  hour  prevlout  to  tlic  clectHcal  treainKnt  it  was  fomd.  oo  triil,  at 
Or.  Agnew's  of&ce,  that  he  was  utterly  unable  to  decipher  newipaper  print. 

Immctliatcly  after  one  application  the  patient  couM  read  the  fine  print  of  ibe 
ffrrutd  with  ease,  and  in  a  day  or  so  a  note  from  Dr.  Agnew  mfonned  ni  thai  the 
vhinn  nf  the  patient  ha>1  tn?reiiM<l  from  one-tenth  to  one-half,  and  that  the  iDlonil 
reclua  had  gainnl  seventy,  tested  by  prbina. 


« 


Pi\ralysit  of  Iht  a&ducttu  »f  b'Hh  tytt — Douhlt  vition  ten  monthf  tlanJimg—PM. 
typhiiitk  origin — Recovery  under  Ixatiud  galmtrtitatiam  and  laiiittt  »/  p^atUttm 
—Rett fat. 

CAS-/:C'LVni.— .Mr.  K.,  aged  46,  was  referred  to  us  May  ist,  liy  Dr.  RaskMOR. 
PAltent  complaincvl  of  duuble  visiun— health  oibcnrbe  good.  Dr.  R.'i  tUanoBi 
«nu,  poralyib  of  abducena  on  both  riJe«,  and  as  the  |>atient  had  saflTcrcd  &(V 
lyphilit  rixieeD  yeiri  before,  iodide  of  potanam  vai  glren. 

*  Op,  dt.,  ^  29s. 
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l''ur  three  months  this  trektmeat  wu  kept  ip  with  but  littte  Improvonent.  W« 
began  treatment  by  lacmliied  g&lvantnlion,  nsing  strong  tnlernipted  cuirentt— ooe 
pole  at  tli«  external  xiigle  o[  tbo  tiyt,  und  t'lC  other  on  tlw  ttmpte,  or  at  the  bock  uf 
the  neck  and  conttnuci)  ihb  trcaimrni  twice  a  week  fnr  one  month  without  anj  lia- 
pcjveiueut.  Alxiut  June  [  impiovcmcnt  be|;a.n,  and  hy  June  33  the  reeovcfy  wai 
emphatic,  so  far  as  double  vbion  vns  concerned  j  diinneu  of  viMuii  remained. 

The  patient  cuntitbued  the  iodide  of  potavMum  at  the  same  ti:ue  with  the  electrical 
'rcatmcnt,  and  it  U  clearly  imp0»il>le  to  diflcrexitiate  with  vcftaiaty  the  effeclt  of  llu 
cwo  remedies;  but  iuasmuch  as  the  iodide  of  poiiMitirn  had  been  atcd  hcfore,  and 
very  faithfully,  without  cSect,  it  is  exceedingly  prubable,  to  lay  the  least,  tluit  th^ 
recovery  wu  largely  due  to  the  electrical  treatment.   The  patient  tutiKtiuentlj  rcbpned. 

The  following  are  some  of  Benedikt's  *  cases  : — 

"  Barggnt,  Johann,  aged  sj  [Arlt's  dlnique,  April  nd,  1864),  h*d  been  tuddenl; 
ioud  with  duuble  vidian  fuurtcen  days  previously.  Taralyus  of  the  right  abducena, 
preceded  by  violent  pains  in  the  head  for  ciglit  Jays.  Recovery  through  local  Ircat- 
metil  in  six  sitlini^s. 

"  Meyer,  Antonia,  aged  55,  laborer  (Arlt's  ctinjque,  Sept.  tS,  1S66),  had  sufTered 
for  tbme  days  fiom  doLilite  vision,  )>arrsis  of  the  right  abduccns.  The  excursion  was 
deficient  by  one  line.  There  was  doable  vision  in  the  Urgcr  half  of  the  visual  Geld. 
After  nine  sittiu^  the  cxcurtion  was  normal.  Double  vision  in  the  exCrcme  portion 
of  Hie  visual  field.     Entire  recovery  after  twenty  )>itiit)|^ 

"Mako,  liar bara,  aged  14  (Aril's  clini(|ue,  Jan.  39,  iSfi}),  suffered  for  six  weeks 
from  complete  [Mralym  of  oil  the  branches  of  the  uculo-mutoms.  After  three 
weeks  the  paralynia  was  removed,  and  the  patient,  alihough  he  had  yet  tome  double 
naioo,  left  the  hoKiKtal. 

"*  Ititaied  MyJriaiis. — Rentier,  aged  40,  tuflered  from  mydriasii  aiul  paralyib  o( 
accommodation  on  tlie  left  side.  After  Iwu  local  treatments  the  mydtiaiis  diminished. 
It  reUptcd  after  a  coitus,  but  was  finally  entirely  healed  in  twelve  sittings,  and  re- 
healed  fur  several  ycaji." 

AithfHfpia. — Asthenopia  may  depend  on  an  absolute  or  relative  de- 
ficiency of  energy  in  the  muscle  of  accommodation ;  or  of  the  internal 
recti  It  is  accompanied  by  hyper;eslhesia  of  the  retina  and  ciliary 
nervcs-t  Of  ihese  two  fornix,  iSe  accommodative  and  muscular,  the 
accommodative  is  the  more  frequent.  The  marked  effects  in  Improving 
Ihe  tone  of  exhausted  muscles  in  other  parts  of  the  tiody,  protUiccd  by 
elcctrL.2ation,  wotild  lead  us  to  suppose  that  asthenopia  might  he  bene- 
fited by  passing  either  the  faradic  or  galvanic  current  through  the  eye. 

In  quite  a  number  of  cases  of  weakness  of  eye  with  hy[>cr;e5thesla, 
thai  h.avc  not  been  accurately  recorded,  we  have  obtained  iK>sitivc  and 
rapid  results.     For  those  very  numerous  cases  of  eyes   that  ache 

*  Op.  cit..  p.  297  et  seq. 

f  Slellwag,  Treatise  on  the  Diseases  of  the  Eye,  translated  by  Drv  Ilackley  asJ 
Roou,  >  632. 
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KTcrdjr  if  used  even  for  a  little  time  before  break&st,  or  at  twilight, 
or  ill  reading  fine  print,  or  doing  fine  needlenrork,  or  from  exposure  tfi 
glaring  light;  that  perhaps  arc  annoyed  hy  musca  volUanUs  and  by 
neuralgic  pains  in  or  near  ihe  eye,  aiid  yet  in  which  ophlhaliuoscoiMC 
examination  reveals  no  Icsion-^for  such  cajsca  mild  labile  faradizaiion 
for  five  or  ten  mini.tc«  through  the  eye  with  the  positive  pole,  ciUic: 
with  8  rooisiened  sponge  or  the  hand  of  the  operator,  while  the  nega- 
tive is  at  the  back  of  the  neck  or  in  the  hand  of  the  patieni,  is  certainly 
a  most  agri^eable  and  efficacious  remedy.  Stable  galvanization  is  also 
useful  in  the  same  condition.  Cases  of  this  kind  that  are  associated 
with  general  feebletiest^,  with  hysteria  and  dyspei>sia,  are  sonietioMS 
much  benefited  by  general  faradization  even  when  die  eye  receives  no 
local  treatment  whatever.  The  iiredt  aching  eye  is  both  temponuit; 
rested  and  relieved  after  each  sitting,  and  permanently  strengthened  by 
continaed  treatment.  In  such  cases  electrization  does  for  the  eye  what 
it  does  for  tlie  stomach,  or  larynx,  when  they  are  in  a  condition  of 
fatigue. 

We  believe  thai  eUetro-therapeuHci  promises  more  for  astken^at^ 
with  kyperasihesia  of  ihe  retina^  than  for  any  other  disease  of  the  eye. 

from  dve  known  effects  of  electrization  on  neuralgic  and  musculu 
weakness  of  oUier  parts  of  the  body,  it  would  certainly  appear  that 
asthenopia,  even  in  its  severe  phases,  might  also  be  successfully  ueatcd 
by  the  same  agent.  The  subject  is  worthy  of  the  earnest  atteniiun  of 
Ophthalmologists. 

dithtna^aofhtioytarf  staHding — Ra^d  imprmttmrnt  utdtr  Ixatiud faradaattt^ 

Casi  CLIX. — Mr.  L.,  a  stwlcnl,  aged  25,  vnu  rcrcrred  lo  tn  by  Dr.  \jxrmff 
The  patieni  had  for  two  years  been  afflicted  whh  exceeding  weakncM  of  «ght,  and 
(or  a  long  time  wv  uimUe  to  r»d  mare  thun  a  minute  or  two  wiiliout  iliicaaifofl. 
Tbne  anJ  xe^\  hail  afTDrdtfil  slight  relief,  to  that  lie  now  found  it  poiuUe  lo  rtail 
by  []a;}>li)<ht  tome  i:i|;ht  or  ten  miiiuln;  b/giulii;!)!  he  could  aol  read  at  alL  A  otU 
trance  of  localiied  faradization  was  esuyc^!,  with  the  mult  of  markedly  iocreiKBg 
Ihc  iCrcagth  of  vimoii.  Similar  applkatiotu  were  repeated  some  doien  limes,  witk 
the  most  happy  cflect,  and  when  tau  leco  the  intieot  was  able  to  read  sn  hour  wtb* 
out  tcrioui  diKomrort. 

A  second  case,  sent  soon  aflcr  by  Dr.  I,oring,  received  equal  bcncfiL 

A   tare  hniiar  U  t^  aiavt—I nprovtt  mart  readiiy  uttder  {ahanitMliMi  lU» 

faraditathn. 
Case  CI.X — A  caie  limiilar  In  li«  >.ympt()m«  10  ihe  alrare,  and  of  as  lot^*  itanJ* 
■ng,  Uiac  was  sent  tu  ui  by  Dr.    Kuuu,   yiiA  tubmitted  lo  locolitcd    faradiiailoa 
with  Kome  benefit.     LocalucJ  galvaniutioa,  however,  with  u>  cavccdincly  heUt 
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eorront,  proved  of  pttUer  servtoe,  aod  after  &  oitMitb  ol  trevmcnt  the  pulent  wmt 
ftbic  to  read  onl jury  print  lor  over  *a  hour  coBtlnuotuIj',  vriihou t  expcrkncing  on) 
iliKonfort. 

Ailhenafta  of  an  ag;;'-avateJ  tiaraetrr  and  '■J  tteojKar^  ttanding — CmiipUU  rtewt 
fry  tiii.itr  tivflvt  afplkAti*na  0/  ineaHvd /arajii^iau. 

Case  CLKl.— Ttie  mon  u'.ufactury  rcMiU  thai  wc   Imrc  to  record  in  the  treat- 

R)*DtoraAlienopU<iViuin  tltccasenra  l^ily  aj^t^t  60,  forlwo  years  shehai]  ob»crvc<l 
a caiutftally  ilccrcuiiig  btrciiijlh  of  vuidr,  auocialed  »iih  a  local  irritabiUiy,  thai  prc- 
cluJeil  any  iLiteni|>l  at  conlinuout  uv  of  ihe  eyes.  rmoUj',  to  ivcftk  did  ihc  orjfuu 
bewDiue  Uial  ilie  r^>uu(l  it  ntterly  ini[>uMibtc  to  read  or  tew,  or  in  any  vay  concen- 
trate Iter  ^ig'it  Tor  a  moment  without  sufTenng  pain  anj  oliscunliun  of  viuon.  She 
was  treated  wlioity  by  localized  raradiuitun—tlie  tij's  of  the  6ngeis  alone  being  used 
u  cIcL-lrodd. 

Um  about  twelve  applications  were  ipvcn,  wUh  the  result  of  complete  and  per* 
nanent  recovery.  During  the  three  years  that  liave  clapied  sluce  this  treatment  the 
eji«sight  luu  reuuined  pcrlcctly  strong. 

Amblyopia  and  Amaurosis. — Aiublyo^iia  is  uo\v  understood  to  be  a 
diionlcr  of  vision  dcpciiUcni  on  disturbance  of  the  circulation,  while 
aiitauro&ia  is  to  be  regarded  as  a  syniptoiu  of  atiopby  of  the  otitic 
nerve. 

For  some  of  these  conditions  electrization  nuy  be  tried  with  ad* 
vantage. 

A  strong  encouragement  for  a  faithful  trial  of  electricit)'  in  these 
cases  is  thai  various  degrees  of  iiiipairinent  of  vision,  from  complete 
blindness  throtigh  the  lower  grades,  have  been  soiiictiincs  most  success- 
fully treatctl  by  physicians  and  charlatans,  with  diverse  ntethods  of  appli- 
cation. Dc  Saussurc  cured  a  case  of  amaurosis  by  statical  electricity. 
Lcsucur,  Mageadic,  and  Person,  successfully  used  faradi^tion  la  the 
same  cases. 

What  is  now  needed  is  a  careful  and  persevering  trial  of  galvaniza- 
tion and  faradization  in  ca^es  of  amblyopia  and  amaurosis,  after  accu- 
rate ophthalmoscopic  examination. 

Spasm  ojtfu  Lid  {^BUpharsspasm). — For  apasm  of  the  Uvaior pcdpfbros 
and  prbicuiarii  palpebrarum,  faradization  or  galvanization  is  indicated 
for  the  saoic  reason  that  it  is  indicated  in  torticollis,  facial  spasm,  and 
spasm  of  the  glottis. 

The  method  of  appUcatiou  is  the  same  as  that  prescribed  for  asthe 
nopia. 

Progmsis. — Recent  and  mild  cases  recover  rapidly.  Long-standing 
cases  ate  sometimes  very  obstinate,  but  even  these  are  frequently  re- 
lieved for  a  liciited  time  after  cad.  sitting. 
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Shgkt  ifajmedit  taiu^ngt  oftfu  liJ—Xteavety  tinder /araJimtk  t, 

Casb  CLXII. — A  ladykftd  beoi  troubled  with  u  iffectioaor  the  left  cyi  that 

requited  Eurgiod  tnatinoiC ;  wu  taken  with  Uiglit  but  diu^cc^Uc  Iwitduajp  of  the 
lid  or  the  other  ey«.  The  twitching  wu  so  siiglit  that  it  could  bo  seen  by  kx  tAmnm 
only  with  iltfTi'^ully, 

Under  firailiiaiion  with  x  mild  current,  the  negative  pote  bcinf  held  in  iha  luiultrf 
the  patient,  uid  the  positive  being  applied  by  (jenlle  pucei  onrer  the  lid,  reoovay 
look  plaix  Id  a  short  time. 

S/atm  of  tht  orbUvlarit  ^Ipthrarum  oj  Ung  ttattding — Somt  Umporary  htt  no 

permantnt  btHtfil  frijm  farAdittlioH  aitJ  galvaHitati^tt, 

Cass  CLXIII. — Rev.  Mr.  li.  was  riferre«l  lo  \n  by  l>r,  C.  R.  Agncw  with  wertxt 
■pouns  of  the  orbicuUns  palpcbrwum  of  ihc  right  dde;  the  i:awral  health  ortbt 
imicnc  wfli  otherwise  good.  FaradiutioD  and  galranixalion,  faithrully  used  for  3 
Mimlier  of  Mllin^  in  the  nunucr  described  in  the  case  preceding,  wcia  only  of 
temporary  bcnctii. 

Opaeitiet  of  the  C?r«^a.— The  electric  currents  have  been  employed 
with  more  or  less  success  for  opacities  of  the  cornea  for  many  jrean- 
Cases  have  been  reported  by  Isiglio,  Qiiadri,  Willcbrand,  Tiirck,  tfld 
Graefe.     Recently  this  method  has  been  but  little  employed. 

The  galvanic  current  would  be  more  indicated  than  the  faradic  Ci* 
ttrrnal  or  internal  a])[>Ucations  may  be  used. 

In  a  case  of  opacity  of  the  cornea,  resulting  from  herpts  ophihalm^ 
fus,  sent  'o  us  by  Dr.  I'rout,  there  was  a  very  decided  cleam^  op 
under  a  protracted  use  of  the  negative  pole  of  the  galvanic  current 
applied  to  the  closed  lid,  and  a  part  of  the  time  directly  to  the  conjiinc 
tiva,  which  had  been  rendered  anesthetic  by  the  hcq^cs. 

Opoiities  of  the  Vitreous  Ilum&r  —  Keratitis.— \^^  Fort  and  Caniui 
report  interesting  and  remarkable  results  in  the  treatmeni  of  opacities 
of  the  vitreous  humor  by  the  galvanic  currenL  The  applications  were 
made  with  one  ])ole  over  Ihc  closed  eyelid,  and  the  other  in  the  atiri* 
culo  maxillary  fossa,  to  affect  at  the  same  time  the  nutrition  of  the  eye 
through  Ihe  syni]>alhetic  In  some  of  the  cases  the  opacity  was  asso- 
ciated with  or  resulted  from  keralilis. 

^>5iJ/o/^tfi/a.— Photophobia  is  a  symptom  of  so  many  different  patho- 
logical conditions,  that  the  cases  of  cure  or  relief  obtained  in  tl  by  the 
electric  currents  are  of  comparatively  little  value.  It  very  frequently 
("epends  on  the  diseases  of  the  conjunctiva  and  cornea,  HrwsoB 
reports  the  cure  by  galvanizaiion  of  thirty-two  cases  of  ph'  lophobia  d& 
pendent  on  scrofulous  inflammation  of  the  cornea  in  children,  rrao 
one  to  three  applications  were  suRJcient. 
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STRABISMUS.  -C^^B"  g^^ 

The  positive  pole  was  applied  to  the  face  and  thp  negative  to  the 
supra-orbital  foramen. 

Pt<fsU. — This  aficcdon,  which  consists  in  paralysis  of  the  elevator  of 
the  up))er  lid,  is  to  be  treated  like  spasm  of  the  lid,  but  with  a  stronger 
current 

Ptoat  folJawimg  kerpet — Rapid  ruavtry  under  galvanitaiim. 

Ca^eCLXIV.— A  lady  patienl  was  referred  lo  a*,, who  had  Boflcrcil  lung  and 
Beverely  fium  herpes  uf  tbv  lieail  and  face.  This  was  rullawed  by  scute  neatalglc 
paini  that  were  most  ;>crMsicnt  and  rcHiletl  all  ittcmpcs  at  alleviation. 

Tbt  cfilvanic  ciinent  wis  hare  applied,  and  so  tucccs^fully  as  in  a  elioft  tinw  to  dU- 
mpatc  in  good  tneostire  tSe  neuralgia,  Tbe  eyelid  of  ihe  right  ride,  howe«r,  was 
l«It  drooping,  a  condilioa  which  had  been  preient  some  weeks.  Three  apfilica* 
lions  of  the  faraflic  current  to  the  affected  part,  of  a  strength  a*  great  as  conld  be  well 
borne,  were  repeated  on  several  occaiions  and  readily  resulteJ  in  a  complete  rettoratioa 
of  the  lost  muv^olar  power. 

Mydriasis  and  Myosis. — In  these  conditions  the  electric  treatment 
is  somi'tinies  of  value,  although  in  many  cases  ihey  depend  on  some  cen- 
tral difficulty  that  in  its  very  nature  is  incurable. 

The  treatment  zox^s^^XA  in  local  galvanization  and  galvanization  of  the 
s)'nipalhctic. 

Neuro-retlnitit. — On  the  theory  that  neuro-retinitis  tnay  depend  on 
some  morbid  condition  of  the  sympalhelic,  wliich  in  its  turn  may  be 
connected  with  various  cerebral  affections,*  it  has  been  treated  by  gal- 
vanization of  the  sympathetic,  and  of  the  brain. 

Indeed,  from  our  experiments  in  galvanization  of  the  sympathetic 
(see  p.  125),  it  would  appear  that  in  neuro-retinitis,  and,  indeed,  in  all 
affections  where  we  wish  lo  affect  the  vascular  condition  of  the  retina, 
galvanization  of  the  sympathetic  would  very  properly  be  indicated  in 
connection  with  other  remedies  directed  to  the  disease.  The  subject  is 
certainly  worthy  of  investigation. 

Strabismus. — In  strabismus,  dependent  on  merely  transitory  causes, 
faradization  or  galvanization  may  be  of  service  ;  but  the  results  yet 
reported  arc  not  of  great  importance. 

That  temporary  relief  of  strabismus  may  be  derived  from  faradization 
we  demonstrated  in  several  instances.  The  method  of  application  is 
the  sajiie  as  that  for  [laralysis  of  the  muscles. 

From  among  many  failures  in  the  treatment  of  strabismus  tJiat  we 
find  recorded  in  our  case  books,  we  briefly  note  the  two  following 
R3  illustrative  of  the  benefit  that  occasionally  accrues  through  electri 
zatiou. 

•  Benedikt,  op.  ctt.,  pp.  251,  153,  354. 
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Cask  CLXV.'-A  little  girl,  aged  8.  bad  for  tiro  yc«n  been  iffltcted  with  ilialMv 
mui  divergent. 

The  foradic  ciureiit  wu  lu  iieaily  ms  pouible  localiie*!  in  the  faultj'  euukJo,  anJ  ■] 
the  same  ttmne  the  body  of  the  tye  wks  tulitnittcd  to  gentle  ircatinent. 

ItniM-ovcmcut  became  majiifest  after  a  few  appticaliotu;,  xnil  in  tbe  vouncot  Iwtf 
(Donlhs  cikJimI  in  recovery. 

Case  CLWI.— Jq  the  cue  of  a  t»be  of  i$  monthi,  who  hod  sbowD  fyntptoma 
ft^milw  to  the  alMve,  sainu  three  weeks  prvviously,  it  required  but  a  liagle  apiilktliga 
of  tlic  fuadic  current  to  dUiipatc  (he  trouble. 

Cataract. — The  literature  relating  to  the  use  of  gslvanism  m  the 
ircatiiieni  of  cataract  is  very  considerable,  but,  at  the  same  time,  both 
the  opinions  aiut  statements  an.  very  conflicting.  Cnissel,  of  Sl 
Petersburg,  claimed  to  have  had  successes.  His  method  was  »o  intro- 
duce into  the  lens  a  needle  connected  with  the  negative  pole,  while  the 
positive  was  applied  to  the  tongue.  la  this  way  the  cataract  was  sul)> 
jected  to  the  three  factors  of  niechanical  disintegration  by  the  needle, 
10  the  chemical  intluence  of  the  negative  pole,  and  "  probably,  alMi,  to 
the  macerating  action  of  the  aqueous  humor  penetrating  the  lens 
through  the  puncture  made  in  the  capsule  by  the  needle."  Bergniann, 
Newmann,  Mildner,  Benedict,  Sirauch,  and  others,  on  the  contrar}*' 
claim  tliat  the  results  are  not  sufhciently  favorable  to  counlerbahncc 
the  dangerous  inflammation  that  is  liable  to  follow.*  Rosenthal  \\%t^ 
external  applications,  and  claimed  (o  have  cured  two  out  of  three 
patients  whom  he  thus  treated.  Two  cases  of  cures  have  been  re- 
ported  lately  by  Meftel.  The  cases  were  subsequently  examined  Uj* 
Dn.  Agnew  and  Knapp,  who  failed  to  find  evidence  of  any  improve- 
ment that  could  be  attributed  to  electricity. 

Anioii^  other  diseases  of  the  eye  in  which  electricity  may  be  tried 
experimentally,  with  the  hope  of  greater  or  leas  success,  mrt  anmsthtsi* 
optica  and  nysiasmus. 

•  For  the  Htcratur*  of  the  subject  consul!  Can»tatt'»  ••Jahresb«icht"  for  184I-4S. 
also  Schmidt's  Jahrbiichcr  for  ($41-42,  quoted  from  Evelikjr'*  article  "  On  the  N* 
ture  of  Cataract,"  etc.,  Sf.  Y.  Med.  Jounud,  July,  iSSo,  to  wbtcli  w«  are  iodeUcd. 
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The  diseases  of  the  ear  are  less  amenable  to  treatment  b)'  clcctridt) 
than  analogous  diseases  m  most  other  parts  of  the  body.  By  its  ana- 
tomical posicion  tlic  internal  car  is  even  more  inaccessible  than  the  eye; 
and  even  the  parts  which  can  be  brought  more  directly  under  the  inilu- 
cnce  of  electrization,  as  the  middle  ear,  the  membrana  t/mpani,  and 
external  auditory  canal,  can  bear  only  feeble  currents.  Hence  tt  is  that 
there  is  no  branch  of  clcctrothera|>eulics  where  there  has  been  such  gen- 
eral dis.ipiJointmcnt  both  among  aurists  ant]  electro-therapeutists  as  in 
diseases  of  the  ear. 

The  morbid  conditions  of  the  ear  for  which  electrization  has  been 
found  of  some  service  are  subacute  and  chronic  infiammathn  of  tin 
drum  and  middU  ear^  nervous  dtafiuss^  and  tinnUtts  aurium. 

Experiments  on  the  ear  were  niade  quite  early  in  the  history  of  elec- 
trotherapcutics. 

Jlrenner*  gives  the  following  bibliography  of  this  deparcmcnt  in  the 
early  part  of  the  present  century  : — 

Aur.osnnx — Vfrnttk  tintr  GesthkfUe  der  gahaniscAeH  Eltktritit^  and  tArer 
mtJkinufhen  AnwfnJutig,  Berlin,  iSoi  (ihu  work  coniaina  a  quancitiiltTe  dUtmctioa 
in  the  wotking  of  IhuIi  jtuln  on  tlic  acrves  of  hcviog) ;  kUo,  Vch  Gahfamtmtu  una 
dttttn  Atroaidttng,  iSoi,  l>y  the  Jame  author. — MtuzitOKVi' — {BehandlHng  4<i 
OhrfnMiittstm  linrck  dtn  GaivanuthtH  Sirom,)  iti  GRAPE-NciKiiSEK,  iSol,  pp.  ijl 
uxl   132. — )!tl%S—{Galvano-lfi€rafieMiiehe   Vertutfu,)  Ebcnctii&,    iSot,    pp.   241, 

252 Strllwag — Ueirt  Gahvinitmut,  llarnbari*,  iSo2{this  work  contains cjict of 

(Icafnns).— STRtnWB — System  dfr  MeduhtiKhen  Etektrifitai  tail  RSikiitht  auf  Hen 
GaivoHismHt,  1S02. — WOUCE — JS'.ttkrkht  ww  Jtn  %u  Jevtr  dureA  Jit  Ga/vami-  Vcl- 
taiifhe  Gthirgtbrkunst  bfgluektfit  Tauittummm,  etc.  Osiuibriick,  1802.— Mui> 
rsMS'  TktraptututJu  Anwtndung  4a  GiilvanUmm,     tSoj. 

It  was  natural  that  attempts  to  cure  diseases  of  the  ear  should  be 
made  thus  early  in  the  history  of  electro -therapeutics,  because  at  that 
time  there  was  scarcely  any  other  method  of  treatmeuL 

*l7Dtertudiungenunil  BebbochlungcD  auf  <lem  GclMetc  der  ElKtrolher«{>te,  1  Bui, 
t  Ablh.,  186S,  p.  4a 


inUmai  mflh^  fi/ tlfttritatisH  of  tht  tar  (Ducbcnne).  A,  inride;  B,  eUenal 
■adltorr  canal;  C.  handle  of  electroJc;  D,  fl««ibk  wire;  E,  rubhcr  «p«a!mi; 
P,  OMJcuIa  in  miJdic  etir ;  G,  mouth  of  liil}e;>>I,  auditory  serve  in  inner  cv;  1. 
inr«rior  hiirmembnai  rympani ;  J,  exlcniftl  mmele  of  hammer ;  K,  internal  nuKte 
of  hanjiiiCT. 

Thi;  ticxibtc  wire  can  be  pressed  in  toward  the  drum  aitd  then  al- 
lowed to  spring  back.  The  externa!  auditory  canal  is  very  sensitive. 
and  only  mild  currents,  or  currents  quickly  interrupted,  will  be  borne. 
The  other  electrode  may  be  placed  in  the  hand  of  ihc  opiiositc  side,  at 
ax  the  niotitli  of  tlic  Eustachian  tube,  by  means  of  a  mctallic-poinled 
insulated  catheter.  It  is  an  advantage  before  making  the  application 
to  partly  fill,  or  at  least  to  moisten,  the  ear  with  warm  salt  water,  sine* 
thereby  the  conduction  is  much  increased.  The  water  should  be  wm^ 
because  cold  water  is  cot  welt  borne  in  the  ear. 
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External  Meth>d.—X\\^  best  external  method  of  electrizing  the  eai 
is  Ko  press  Ihe  electrode  firmly  on  the  tragus^  the  other  elcctrcKie  being 
held  as  before,  in  the  hand  of  the  opposite  side.  The  car  should  be 
fillet]  with  warm  salt  water,  although  this  is  not  necessary. 

Wc  have  used  this  method  for  several  years  with  both  the  faradic  and 
galvanic  currents,  and  prefer  it  for  all  cases  exeept  when  it  is  desired  to 
ael  directly  on  the  injlamed  surf  (tees  pf  the  drum,  or  middle  ear.  It  is 
fai  less  painful  and  more  satisfactory  titan  the  internal  method.  It  may 
be  used  on  the  most  »onsiti%'e  children,  who  would  rebel  against  the  in- 
ternal method,  however  skilt'ully  performed. 

The  sitting  should  not  usually  be  more  than  five  or  ten  minutes,  and 
in  some  cases  much  shorter  applications  should  be  used,  especially 
when  the  galvanic  current  is  used. 

The  electro. physiology  of  the  ear  has  already  been  described  in  ihe 
section  on  Electro-Physiology. 

Eleetro-Diagti&sis. — ^The  electro-diagnosis  of  diseases  of  the  ear  has 
been  specially  studied  by  Brenner. 

The  leading  Idea  of  this  observer  •  is  t/iat  the  reaeiion  of  the  auditory 
nerve  to  the  galvanic  current  is  xutriously  changed  by  pathological  con- 
ditions. 

The  normal  formula  has  already  been  given.     (See  Electro-Physiol- 

The  difficulties  in  the  practical  application, of  this  method  of  electro- 
diagnosis  are  very  great.  The  normal  formula  can  be  obtained  only  in 
a  certain  proportion  of  cases,  and  then  oftentimes  by  painful  currents. 
Even  when  we  obtain  apparent  deviations  from  the  normal  formula, 
we  are  not  always  sure  just  what  such  deviation  indicates,  either  in 
special  i>athology  or  in  therapeutics. 

Changes  in  Ihe  Reaction  of  the  Auditory  Nerve  in  Pathological 
Cases, — In  pathological  cases  the  normal  formula  may  undergo  various 
changes. 

These  changes  in  the  reactions  that  appear  in  diseases  of  the  ear  may 
be  embraced  under  the  following  heads  :  f 

I.  Hyperasthesta  of  the  nerve,  so  that  it  reacts  to  a  milder  current 
than  normal,  or  reacts  longer  or  more  i)Ow<;rfully.     This  may  be  cither 

♦Zur  EleVtrophysioIoglc  and  ElcWiropnlhoIoglede*  NervutftcusCicut.  Pettrsburgh 
Blerl,  ZritM:hr.,  UU.  4.  p.  2S6.  [S6j.  Also,  Weitcrc  Milthctlungen  zur  Elcktro- 
otratiik.  Pctertbiirgcr  \\zA.  Zcil*clir,  HA.  5,  p.  35,  1S63.  Ami  more  recently  in 
Im  publiElieil  woik  Untenuchungcn  anA  Bcobachluiifen  auf  dem  Gcb'xte  (let  Elek- 
troiliera|)ie.     Leipzig,  tS68  luid  tS69. 

\  Breuier,  op  cit,  Band  L,  p.  iSi  et  w^. 
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•umple  or  compUcated  with  qualitative  change  in  the  formula,  n  wili 
paradoxical  foriimla  in  Uie  ear  not  experimented  on,  or  with  mortid 
Bibjcctivc  sensations  of  hearing. 

2.  Change  in  the  formula  of  reaction  laithout  hyperesthesia.  Their 
changes  arc  cither  in  inversion  of  the  normal  formula,  or  deviations  of 
various  kinds. 

3-  Torpor  of  tht  nerve  {anasthffia),  so  that  it  does  not  react,  or  onljr 
to  a  stronger  current  than  normal. 

niiislralive  Pathological  C^sts, — Brenner  gives  the  following  illustra- 
tion of  hyperesthesia  in  a  case  of  chronic  catarrh  of  the  middle  ear,  on 
both  sides,  with  dif5culty  of  hearing,  much  tinnitus. 

The  reaction  was  as  follows  : 

XX  90  Ka.S.K'. 

KjlD.K.   o> 
Kji-O— 
AS.   — 
A.D. — 
A.O.k.> 

In  another  case,  where  there  was  great  difficulty  of  hearing,  witli 
dnnitus,  ilut  had  existed  for  three  years,  and  demonstrable  anatomical 
changes,  but  in  which  a  central  disease  was  susjKCted,  the  reaction  was 
as  follows  :* 

XX  50  K11.S.K*. 

Ka.D.K. 

Kj.O.— 

A.S.— 

A.D.— 

A.O.k.> 

Other  cases,  ilhisiraiive  of  changes  of  various  kinds,  we  give  below  :— 

Qualitative  etMHge.—h        Hyftrttftktiia  witA  in-        II)rpcnctlhai&  with  fa< 

labotcr,  30  years  old ;  in-    verswit    of    tht     narmat    nAo\v:iX  Ktiiationi  io  etr 
tclligeni ;  deafness  anit  tin-    fcrntula.\'~K  IjkIjt  of  6oj 
oitus  on  bolh  kulcs  (rom    lUisolutedearncMinlericmr; 
dnim  ilepreucd,  lhid(«ne<l 
anil  ojvqub 
6  EL  Kt— 
K1.D.— 
KiuO.Pf.  > 
An.S.Pf. 
An.D.Pt  o» 
AikO.— 


EwM 


clotuJy 


cliildhood;     dram 

and  thidceaed. 

X  lOOKaSK. 

KiL-U  K.  M 
K.vO.— Ratilinp. 
A.S.  '* 

A.D.  "  00 

A.O,K.> 


not  treated.t 

Vm  tiMtad. 

XX  looKaSK*.  

K«.OlK.  «  

1U.O.  —  K.> 

A.S.  K-. 

A,D.  k.> 

A,aK*.>  — 


•Opi  cit.,  pp  90.  151. 

f  Eili  ill  Archi»  Ophih.  «nd  OloL,  «.l  L,  No.  |,  |k  iy>, 

%  Brenner,  op.  cIt.,  fiaod  t.,  p.  305. 
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fltuitratlvt  cttd  tyfkal  eate  of  in- 
vtrshn  ef  t,\e  ntvmal /.frmula.*  — Aq 
officer,  26  ycnrn  old  j  from  his  cliildhood 
completely  dcif  in  left  ear  ;  no  tituiitus ; 
■to  demonilfablc  change  tn  dnim  ;  on)/  a 
pale  color  ;  right  ear  normal. 


ri|;hl    (hcftJfhy]      eu 
live*     chit    xfraM/ 
forrauW 
IX  Ka^  K'. 

Ka.D.k.  > 

Ka.0. — 

A.S.— 

A.D,  ~- 

A.  Ok. 


Etcctric  exambaBOD  «f 
kft     (ili>ea*«<l}    <u 
pvM    (^    bmtrUd 
(omula. 
IX  Ka.&  — 

Ka-D. — 

Ka.O.K. 

A.S.K'. 

A.U.K.> 

A.O.  — 


&UJlJUatStm  »/  the  nwmat  /hrmuU 
wifAfiit  kyptrtttthfiia, — A  wumaii,  45 
years;  old  difficulty  oT  hearing  in  liotb 
ears;  no  lionicust  tome  dulneu  of  th« 
drums. 

Right  Eak  :— 
XX  soo  IU.S.— "  Chirping." 

Ka.D.  "        short 

KaO. 

A.S,    — Roaring. 

A.O.  "         abort. 

A.O.     — Indefinite  soundi. 
Left  car  gave  aamc   formula,    exccfit 
that  Ka.O.  gave  a  short  and  Uight  roar< 
ing. 


The  above  case  of  the  officer  Brenner  regards  as  of  a  special  nature. 
"Hie  patient  was  examit^ed  by  a  number  of  aurists,  and  the  inversioa 
of  the  normal  formula  in  the  diseased  ear  was  decided. 

The  following  rxpctinients  were  made  by  one  of  the  authors  of  Ihis 
work  on  him^lf.  The  right  car,  on  which  the  experiment  was  made, 
has  for  twenty-five  years  been  affected  with  chronic  inflanunaiion  of 
the  inidtlle  ear.  The  drum  is  cloudy,  the  tube  perviotis,  and  the  hear. 
ing  distant ;  at  times  he  h.id  been  troubled  with  tinnitus,  but  not  ai  the 
lime  of  the  crjicrltnent.  The  objective  examinaiion  of  the  car  was 
made  by  Dr.  D.  B.  Sl  John  Roosa.  The  cxptTlmenls  are  given 
in  detail,  because  they  illusiralc  a  number  of  the  peculiarities  In  rcrgard 
to  the  galvanic  reaction  of  diseased  ears,  and  the  difficulties  and  coni- 
plications  that  attend  the  investigation. 
I         The  internal  method  was  used  : 


la  EX  Ka.S.— No  reaction. 
Ka.D.— "       " 
Ka.0.— «       •< 
AnS.  — '■       " 

An.D.— "      " 
An.O.— "      " 

Feeble  fla«heKor  light  w<r«  obicrvcd. 
Tbe  runit;liiig  of  a  diiiant  carriage  fer  ■ 
moment  wat  mUtaken  for  Uw  catlltKU 
doMng  reaction, 

•  Brenner,  I  c,  p.  2[9. 

f  In  order  to  prevent  deception  on  this  point,  the  finger  wai  pressed  on  the  IragiU) 
end  found  to  produce  ihe  Hune  apparent  tentation  of  rumbling.     The  apparatuf 


toStiibrer's  El.  Ka.S.— No  reaction. 

Ka.D.— Some  rambling, 
made     evidently     by 
pressure  of  electrode,  f 
Ka.0. 

An.S. — No  reaction. 
AaD.— " 
An.O.— "         " 
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|6  EL,  lUS.— Nc  TcacUon. 

Ka.0.— HUslng  in  the  other  evi  (pandoxkal  rcKcdoti). 

Ka-O. — Same  for  a  momcnL 

An.S.— tlissuif. 

An  U.  — Same.  > 

An.0. — No  reaction,  but  hisnng  in  other  ear. 
Sironi^f  Qiishes  of  li(;bt;  dUnxiecst  fUtijeclive  toundi  In  ean  for  tone  tnin&le* 
aHer  treatment. 


to  £1.  K«.S.— SUglit  roaring. 
Ka.O.> 

Ka.O.— No  reaction. 
An.S. — Loud  hinns  (seething). 
An.D. — SamB.> 
An.O.— No  reaction, 
Con&UIciabl«     paia     in    ear;      much 
■troi^r   flislie«  and  diotncss;    mnallic 
lAite;    burning    in   nrri*t   of    the    hand 
holiling  cnllioiie. 

TIlc  theostate  was  now  brought  into 
Bie. 

24  El.  K.S. — Low  rumUtlng  aud  hitting 
in  ether  ear ;  very  great  pain ; 
pcniHration    on     fotclieni!,    and 
musculnr  contractions. 
Kx  D.  — Same,  w 
Rheostate — tcxi — Same  roaring. 
too—   "        " 
300 — LCH        *' 
400—  •'         " 
Soo—  "         "  leM  pain, 


RheoMate— 600 — Same  roaring. 
700—    ■•  " 

800—    " 
900—    **         **  ttm  lain. 
I.oco— Much  le«  rearing  uJ 
hijsing  b  other  oar  and 

Ka.O.^No  reaction. 
The  aiHiOe  reaction   with    the    mb- 
tancei  of  the  rhen»tdi(e  wai  as  foDowv; 
Ab.S, — Very  lowil  hiuing. 
An.O.  M  and  flow  oT saliva. 
Rheostats — %oo — Very  lond  faitsjag 

200— • 

300 — 

400— Lornl  •• 

500—  "  '• 

600— Les  " 

700—  ••  •• 

Sco—  "  •• 

900—  •'  •• 

l,ooa-Mtidi  ka     ■• 


Concerning  the  above  case  it  may  be  rcmorVed : 

1.  The  deviation  from  the  normal  formula  was  unmistakable.  The 
anofje  r-^ciion  was  very  decided,  there  wras  no  possitnltty  of  a  mtstake. 
The  chief  difficulty  was  with  the  cathode.  A  low  ninibling  or  roaring 
was  nil  the  reaction  that  cotdd  be  obtained  with  Ka.S  or  Ka.  D.  and 
that  only  when  many  elements  were  used, 

2.  The  accompanying  phenomena— dizziness,  pain,  contractions  of 
the  facial  muscles,  tnetaltic  taste,  How  of  saliva,  pcrspiiHtion  on  fofc- 
head,  burning  and  contraction  of  the  muscles  of  the  hand  holding  tl  e 
electrode — were  present,  but  did  not  interfere  with  the  obsen-ation  ot 
the  reaction  of  the  nerve.     It  is  just,  however,  to  remark  that  this  in 

nud  in  this  ixpesimenC  bad  no  current  rerener,  consequently  it  was  neccttnry  (a  ooo- 
tinually  move  the  electrode  to  and  rrom  the  tragw. 
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iliWdaal  has  been  accustomed  for  many  years  to  exjieriment  on  himself 
with  clcctitcity,  and  therefore  would  be  little  liable  to  be  annoyed  or 
distracted  by  their  iucidonlal  plienomena ;  yet  even  he  was  deceived 
moipcntarily  by  the  rumbling  of  a  distant  wiigon.  Constriction  of  the 
throat,  of  which  some  complain,  was  not  experienced. 

Ths  following  pathological  case  is  of  double  interest,  since  benefit 
to  the  hearing  seemed  to  result  immediately  after  the  galvanic  exami- 
nation. 

CasI  CLXVIL— G.  K.  B.,ftg«^  iS.  had  firam  hi«  early  bojrhoo*!  «ufiPsr«l  from 
chronic  ulreraltoQ  of  ili«  nerntirBna  tymioni  witli diH^liarctr.  In  (lie  tcft  ear  llie<tru>n 
had  'lujip^ared.  Tb«  witch  couU  be  heard  only  oa  preuiuc.  There  watno  tiniiliii&. 
The  Eiuiftchimn  tube  was  pcrvtcnis. 

Three  )cars  before  ilie  right  car  Hod  bc«n  sijUiuly  aifectcd,  tJid  had  catirdy  re* 
conrad  under  the  mflucncc  of  (rtatmcni,  su  that  the  dwchorge  censed  and  the  heuing 
fnttiomial.  At  thai  time  Ur.  St.  Jufan  Koouiaw  tbecueln  connltation  and  con- 
Aimed  the  (liagnoiu. 

August,  The  )i."itient  ft(^in  consul:ed  us  (or  hfa  right  ear,  which  we  found  la 
the  conditiun  dcKiibed,  and  which  nos  muuIju  to  that  In  whicL  we  had  found  it  three 
yetn  before.  At  this  time  we  decided  lo  tciE  the  galvanic  teactton,  which  vre  were 
able  Lo  do  wilhoul  dLffi^ully,  \>y  the  exieruai  method. 

The  rnoll  was  as  fullows : 


8E] 


Ka.S. 

Some  mmbllD^ 

Ka.D. 

t>               aa 

Ka.O. 

No  wnmtioa 

Ab.S. 

Rumbling. 

Ao.D. 

tt 

An.O. 

No  senutioL 

k 

■  With  ten  and  twelve  clemenlt  there  wait  (he  Mine,  but  louder,  «ni]  with  eighteen 

I        elements  a  sound  Like  the  ringing  of  a  large  t>eU,  reaction.     When  tkieen  elementl 
H        were  used,  the  patteni  experienced  ■  Hcnxatiim  of  Jiiic.iii['  wlih  An.S.  uiid  An.  I>. 
H  After  various  changei  of  the  cuirenE,  a  Icn  nucnt>er  of  element)  brouclit  a  decided 

I  reaction.  In  order  lu  see  whether  the  )Mt>ent  decelv«d  hLmteir,  or  whether  the 
I  lounds  were  produced  by  the  agitation  of  the  water  bi  the  ear,  we  applied  theelectrode 
H        to  llie  trails,  when  difcoanccted  from  the  bcUtery. 

Imi»aliaicly  after  the  sitting  [he  patient  fai<i  ih^t  he  could  hear  conrersation  belter. 
TIte  week  fi^Uuuing  t!ie  same  cx|feriincrkt  produced  the  nunc  result.  During  Ibe  io- 
lerval  mo^nia  hod  been  blown  into  the  enr  in  conudcrabic  quanliiies,  so  as  to  in- 
lerfcre  suniewhat  wiih  the  hearing  power  ;  far  that  reason  it  was  impouible  lo  deter. 
mine  whether  the  improvement  was  permanent. 

Uiuineu  la  this  patient  was  very  marked  and  UM«d  by  Icnn*  for  several  daya 

Central  Therapeutical  Jiesu/ts  of  Eleetricai  Treatment  of  Diseasti 
of  the  Ear. — Ir  the  United  States,  cures  of  deafness,  without  regard 
lo  the  patholog]  on  which  the  symptom  of  deafness  depends,  have  oc- 
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cuionallj'  beco  accomplished  by  uneducated  empirics,  whu  liave  ireatei] 
all  forms  of  disease  of  the  ear,  from  Inspissated  cerumea  to  disease  ai 
the  auditory  nerve,  by  some  unscientific  and  uniforui  inetbotl  of  faradt* 
zation. 

Duchenne  reports  one  case  by  faradization  of  hysterical  deafness 
of  many  montlis*  standing ;  one  caused  by  quinine ;  one  consecu- 
tive 10  an  eruptive  fever;  one  following  measles j  one  of  twenty 
years'  standing.  Several  cases  of  nervous  deaf-muteism  were  slso 
improved. 

TEie  conclusions  to  whicli  he  arrived  are  as  follows !  * 

1.  *'  That  nervous  hysterical  (k-afncss  is  generally  caused  by  elec- 
trical excitation  of  the  chorda  tympani  and  niovcmcnls  of  the  chain  of 
little  bones." 

2.  "  Tliat  cases  of  nervous  deafness  cojisecutive  to  eruptive  and 
continued  fevers  have  been  cured  by  the  same  treatment,  even  though 
they  have  been  of  long  standing,  and,  from  the  fact  of  their  resistaocc 
to  ordinary  remedies,  have  appeared  to  be  incurable." 

3.  "  That  probibly  the  therapeutical  action  of  the  process  of  fara- 
dizaiiuii  is  chiefly  due  to  the  undulations  of  the  labyrinthine  lii|uid 
produced  by  the  movements  of  the  chain  of  little  bones,  and  conse- 
quently of  ihs  ftnestra  &vali." 

4.  "That  electric  exploration    of  the  ear  furnishes  no   pathogno- 
niouic  sign  whtdi  pcnuiis  tlie  prognosis  of  incurability  of  Uie 
ncss." 

Siibaeute  and  Chrpnie  Infiammat'ien  p/  the  MldJIt  Ear. — As 
as  we  can  judge  from  our  own  observations,  old  cases  of  cl>ronic 
inllammation  of  the  middle  ear,  where  tUe  hearing  potrer  is  so  much 
impaired  that  a  watcli  can  be  iicard  only  on  pressure,  ofler  an  un- 
favorable prognosis. 

Tlie  best  results  arc  obtained  in  those  cases  that  are  just  passing 
Icojii  the  subacute  to  tlic  clironic  stage.  We  arc  inclined  to  the  belicl 
that  these  results,  when  they  do  occur,  ore  brought  about  by  the 
me(hanieat  action  of  the  faradic  cumtU,  en  the  adhesions  xvithin  tkt 
mitidle  ear.  In  some  even  long-standing  cases  of  chronic  innattmiation 
of  the  middle  car  temporary  improvement  of  hearing  immediately  fol* 
lows  faradization  or  galvanization. 

Tinnitus  Aurium. — The  very  frequent  and  very  distressing  8)*mptoin,' 
Unnitut  aurium,  and  whidi  accompanies  so  many  of  the  morbid  processes 
in  the  auditory  apparatus,  is  not  relieved  by  electrical  treatment  asum- 

•  Tintiw  on   Des«u»  of  tU  Ear,     Traiulaietl  aad  edilcJ  by  Dr.  B  St.  Jok^ 
Roou.     Second  Amcricaa  cdilioD,  1869,  pp^  t,oij,  l,oj(k 
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fomily  u  d  priori  reasons  would  lead  us  to  expect.  Tlie  capriciousneu 
am)  uncertainly  of  the  results  in  sucli  cases  arc  partly  to  be  explained  by 
the  Tact  that  tinnilus  aurium  is  a  sympioni  of  sucli  diverse  and  sometimei 
undiscoveraUle  pathological  conditions.  Local  galvanization  by  the 
extcrnnl  method,  or  galvanization  of  the  sympathcdc,  sometimes  avail 
for  tile  temporary  relief  of  this  alfecllon,  and  in  some  cases  a  more  01 
less  penuaneiit  cure  \i  obtained. 

Galvanization  of  the  cervical  sympathetic  affects  tlie  ear  just  a<  it 
affects  the  retina,  through  iiiodificaticn  of  the  cirmlaiion  in  the  brain. 
Dr.  KumboM,  of  St.  Louis,  reports  two  cases  of  tinnitus  aurium,  in 
which  local  galvanization  was  of  great  service.* 

With  reference  to  the  therapeutical  vahie  of  the  galvanic  current, 
especially  in  tlie  trcatnient  of  diseases  of  the  ear,  Hicnncr  f  and  Ha- 
gen  J  substantially  agree  to  the  follomnj*  proposiiions  : 

I.  The  galvanic  current  is  indicated  not  only  for  those  cases  where 
no  morbid  changes  can  be  diagnosticated,  but  also  in  all  cases,  howcvei 
complicated,  in  whicii  tlie  abnormal  reaction  to  die  current  shows  that 
the  ner\'e  participates  in  the  disease. 

3.  The  galvanic  treatment  may  aid  in  the  absorption  of  morbid 
deposits. 

From  our  survey  of  the  literature  of  the  subject,  anil  from  our  own 
comjKiradve  observations,  we  arc  justified  in  these  two  conclu^ons : 

First,  The  galvanic  current  is  on  the  whole  of  greater  service,  and  is 
of  greater  ]iruinisc  In  die  elcctrothera[)cutics  of  Uic  ear  than  tJie  f^adic 

S<cond.  The  results  obtained  in  the  electiic  examinations  are  nut  uni- 
form  or  always  reliable  guides  to  the  special  method  of  treatment  that 
it  is  best  to  adopt. 

Reasoning  d  priori,  it  would  be  inferred  that  the  reaction  of  hyptr- 
xsthesia  would  call  for  treatiucnt  by  the  anode,  and  the  reaction  oi  tor- 
por (amesihcsia)  for  treatment  by  the  eal/ude ;  but  experience  shows 
that  there  is  no  uniformity  to  this  law. 

Moos,§  in  the  remarkable  case  to  be  hereafter  dted,  found  that 
the  cathode  at  one  lime  exercised  a  temporarily  beneficial  intluerre  on 
the  subjective  symptoms,  which  usually  disappeared  only  under  the 
anode. 

ErbJ  also,  in  case  of  *' simple  hyperasthesia  of  the  vi,^x  auditory 

•  Archives  of  EIectrolt>2y  ind  Neurology,  M«y,  1874. 

f  Op.  tic.  Band  L,  p.  262. 

JPcaUtischc  Ilcitraj:-  lur  Olirenbeilkunde,  Leipiig,  1S66,  p.  3^ 

g  Archives  OpIithaL  mJ  Olol.,  veL  i.,  No.  3,  p.  488. 

I  Archives  Ophltisd.  imd  Otol.,  vol.  L,  Nol  i,  p.  aS, 
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Httvty*  with  *'invtrsicn  »ftke  normal  formula^"  found  that  the  tumitin 
was  quieted  by  the  closing  of  the  calhoile  (Ka.S.}  and  not  by  the  closing 
of  the  anode,  as  would  have  been  expected. 

Still  further,  it  is  not  deiuonstraled  that  in  many  of  the  cases  of 
hyperesthesia  that  were  successfully  treated  by  the  anode,  or  of  torpor 
(ant-esihesia)  iliat  were  successfully  treated  by  the  cathode,  the  resulti 
miglit  have  been  equally  or  more  successful  if  the  poles  had  been  le- 
vcrsed.  The  conclusion  is,  therefore,  that  while  the  genera]  law  laid 
down  on  page  28 1,  that  the pcsitive  pole  is  on  the  whole  the  more  ealm- 
mg  and  tlie  negative  the  more  irritating,  applies  to  the  auditory  ner^e 
as  to  other  parts  of  the  body,  yet  it  is  always  liable  to  many  real  01 
apparent  exceptions,  and  in  the  present  state  of  our  knowlc<lgc  the  rule 
can  never  be  made  an  absolute  or  uniform  guide  in  the  electro-then- 
peutics  of  the  ear. 

Brenner  *  details  eleven  cases  of  diseases  of  the  ear  treated  by  llic 
galvanic  current 

In  one  case  of  thickening  of  the  dnim,  the  current  caused  ab- 
sorption. 

In  one  case  of  hyperesthesia,  with  tinnitus  annum  and  anatoniicaE 
changes  in  the  middle  car,  ilie  tinnitus  was  rapidly  cured. 

l\\  one  case  of  hyi>er£atiiesia,  after  die  use  of  quinine  there  was 
recovery. 

In  one  case  of  hyperesthesia,  with  tinnitus  aurium  and  catarrh  of  the 
middle  ear,  the  tinnitus  was  cured. 

In  one  case  of  obstinate  subjective  symptoms  of-  various  kinds  there 
was  improvement  under  great  difficulties  of  application. 

In  one  case  of  noises  in  the  head  and  cars,  of  ten  years'  standinj^ 
with  important  anatomical  changes  in  the  ear,  there  was  improvement. 

Of  deafness,  two  cases  were  improved,  one  was  much  improved,  and 
one  was  cured.  The  case  which  recovered  was  one  of  facial  paralyns, 
with  anom:ilous  reaction  of  the  auditory  nerves. 

In  all  the  cases  there  were  anatomical  changes. 

hi  some  cases  the  treatment  was  quite  )>ersis'tcnt. 

Hysterical  Deafness. — When  deafness  depends  on  simple  h^-sleria  tM 
eesnlts  of  electrical  treatment  may  be  very  brilliant. 

Dr.  Moiis,  of  Heidelberg,  has  published  a  case  of  rcco'cry  from 
deafness  under  the  influence  of  the  galvanic  current,  which  is  the 
remarkable  of  any  which  have  been  scientifically  rejwrted. 


•  Op,  dt.  D&nd  L,  3  Abth.,  pt  133  et  mii.     Breoner  ilw  nKBtion  it* 
be  failed  in  aefcnteen  cues  of  tmnitus.     Loe.  dt.,  p.  135. 


he  inosl     ^J 
Cut  thftt     ^1 
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HYSTERICAL  DEAFNESS. 

Cask  CLXVIII.— The  patient,  a  Udjr  ornindeen,«fter  an  attack  of  ante  ortkulv 
rtteuinalUni  (Feb.  9,  1S69),  wiihUktn  vfith  symploTm  oi  aruir  ialtrcrauial ifi'j^iuf  0/ 
*n  hytferUal tkaratlfr.  She  became  completely  deaf  for  notwit,  mUKical  notet,  aoJ 
Fperch,  3nil  for  icvetal  weeks  it  bccnitic  iiecesury  to  communicate  with  (he  patient  by 
wrliing.  Thb  deafnew  iwa*  preceded  by  obnartHal  itHtitiotnttt  cf  Ikt  tor,  and  dif 
tr tiling  aeuttttttt  of  htaring.  Two  weeks  afterward*,  the  ninth  »-eek  of  her  ilck. 
otf»,  tlic  tenMllvcnes  had  diminished,  and  herdcafi'cw  was  absolute.  Id  theele:venili 
B;i(i  twelfth  weeks  of  the  di&casc,  &hc  began  to  suffer  from  Ayiitria ar  efilefiit eitatJtt, 
(>»dne  from  a  Half  to  one  and  s  half  hours,  from  one  to  three  times  a  da/.  These  at- 
tacks were  accompanied  by  loss  of  conKtousDcsa,  tetanus,  clonic  cramps^  and  pains  Ja 
the  hack  and  abdoraeo.   There  wai  also  mnilaieral  Ayftratt Atria  Q(ihttc*^^tai  face, 

TItcse  Bymptoms  were  vartoatly  treated  by  the  galvanic  current.  The  patient  wai 
treated  with  the  galvanic  current ;  at  first  dally,  from  Hay  lolh  to  July  a7th. 

At  first  tliere  wa^  aa  has  been  uated,  a  feeble  reacttAn  to  the  current.  This  wai 
rollonei).  in  a  few  dayi^  by  timpU  iyferatilietia,  cumbincd  with  a  faradaxieal  rv 
aftiiiH  in  the  ear  not  tr4rate<l,  and  La«[ly  hyperxUh^da  uu/4  fnalitaiive  tkamge. 
When  tlic  cure  waa  complete  Die  normal  formula  of  Dtamer  ap}>»ied. 

On  the  eleventh  day  of  the  treatment  the  patient  heard  her  own  voice  in  the  left 
ear,  immfitatf/jF  a/ltr  tkt  guitntnie  trentmtnl.  NoiMS  in  the  ear  appeared  whicb 
were  treated  liy  the  anode.  On  the  iSth  and  Z4th  of  Jane,  conduct ilulity  of  the 
*onn  waa  ngltced  for  the  first  lime.  Jtily  12th,  two  montltt  from  the  b^inninj;  of 
the  irealRient,  the  patient  could  hear  the  watch  on  the  right  side  10  feet,  on  the  left  9 
feet.  Th«  treatment  now  caused  diuincsB,  which  made  it  necessary  to  ^vc  longn 
interralt  daring  the  stances,  and  it  was  found  necessary  to  u*c  very  weak  currenli. 
The  pktleot  was  now  tent  to  UUck  Foicst,  where  in  six  weeks  she  Tully  recovered. 

On  the  ZQlh  of  April,  Dr.  Moos,  an  ciipcricTiced  auriu,  who  had  once  l>dbre  ex- 
antined  the  patient,  came  to  the  conclusion  that  there  vtsptr/ut  paraiysii  ef  h«*h 
auditory  itervts.  The  iltetrie  txamiriatiffH,  made  on  the  9th  and  loih  of  May,  gsic 
tlie  following  result  i— 

KjCHT  Eas.     10  EL  900CK*  K.S.  — Lively  whirring  sound. 

K.D.  —Same  gradually  disappearing 

K.O.  —No  resuLu 

AilS.—  "      " 

Aa.D.—  "      " 

An.O—  "       " 
Lsrr  Eak.      10  EL    400  cR    KS.    — Scratching  ofa  violin. 

ICD.  —The  same,  lasUag  t  short  tisM. 

K.O.  —None. 

An-S.—     " 

AaD.—    " 

An.O.—    •• 

The  can  were  difletcnily  aifectcd.  On  the  right  side  there  waa  *' paralysis  of  the 
•odltory  nerve,  paralysis  of  the  sense  of  touch,  as  well  at  paralyds  of  the  trophic 
nerve,  decubitus  of  the  r^ht  concha."  On  tlic  left  side  there  was  "  pofalysb  of  tl« 
nerve  of  hearing,  long-concinned  hypencsthcua  of  the  nerves  of  touch." 

'  Resistaneea  of  tlie  rheoatate. 


i 
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Concerning  this  case  we  may  remark  :— 

1.  It  was  unquestionably  a  case  of  hysteria,  of  which  the  rheumalk 
affection  was  the  exciiing  cause.  Verj-  likely  some  of  the  cure*  oC 
dt^afness  ohtained,  now  and  then,  by  electrization,  are  of  a  similai 
character. 

2.  Although  the  clement  of  time  should  not  be  ignored,  )*et  the  re 
covery  was  mainly  due  to  the  elecliical  Ircatment,  Tiii*  is  jiroveJ  by 
the  iMtmediatentss  and  rapidity  of  the  result*. 

3.  Tlie  cose  establishes  ^  Car  as  a  single  case  can,  the  subMandal 
correctness  of  the  main  jHopositions  of  lireoner. 

4.  It  is  not  demonstrated  that  tiic  exclusive  use  of  either  pole  wai 
necessary  to  obtain  the  result,  and  it  is  entirely  probable  that  the 
faradic  current  might  have  been  of  more  or  less  service. 

Deafness  folion-in^  CerebrcSpimtl  Fei-er. — Our  own  experiments  ia 
the  clectricaJ  treatment  of  deafness,  following  cercbro- spinal  fever,  have 
been  entirely  unsatisfaclory. 

Moos  *  relates  a  case  of  ccrebro-si^inal  meningitis  that  was  followed 
by  complete  deafness,  that  gradually  improved  so  that  he  could  heat 
one  or  two  feet  The  patient  was  troubled  wirh  tinnitus  atirium  and 
also  with  headache  and  vertigo.  With  the  right  ear  he  heard  nothing; 
with  the  left  ear  could  hear  the  voice  two  feet.  TeiniKirarilytlie  anode 
produced  a  diminution  of  the  subjective  noises.  After  twenty-two  sit- 
tings tlic  hearing  jiower  was  raised  to  eighteen  paces  ;  the  noises  and 
giddiness  were  tnuch  diminished. 

Chronie  Suppuration  of  the  Afiddte  Ear. — \Vc  have  experimented 
tomewhat  in  the  treatment  of  chronic  suppuration  of  the  middle  car  by 
the  local  use  of  the  galvanic  current  The  experiments  were  made  both 
in  private  practice  and  at  the  Hrooklyn  Eye  and  F.ar  Hospital  in  con- 
nection with  Drs.  Matthewaon,  Newton,  and  ProuL  The  theory  on 
which  the  experiments  were  based  was  that  ulcerous  conditions  in  the 
ear  might  be  treated  electrically  just  like  similar  conditions  in  othei 
parts.  Ulcers  on  the  mucous  membrane  do  not  )'ield  as  readily  to  elec- 
trical treatment  as  ulcers  on  the  surface  of  the  body,  and  do  not  bear 
elcclriuity  as  well;  they  are,  however,  somewhat  smtceptible  of  elec- 
trical treatment,  as  is  sbown  by  experiments  in  chronic  urethritis  and 
graimlar  lids. 

The  method  of  irc.itmcnc  adopted  in  these  experiments  was  to  inscfl 

an  electrode  with  a  lung  narrow  extremity,  covered  with  a  little  cotttm. 

into  the  audirnry  canal,  through  a  rubber  speculum  ;  the  canal  being  filled 

with  tepid  water.     The  electrode  is  usually  connected  wi'Ji  the  mtgaiht 

*  Archires  of  Ophlhalmologr  and  Otology,  toL  H.,  Ko>  L,  pw  33s, 
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The  use  of  eleclricily  in  mklwifery  was  firsi  reconitnended  by  Ba> 

tholon  and  Henler  (1S03).  Kilian  afterwards  used  "galvanic  obstetri- 
cal forceps,"  made  of  two  metals.*  Faradic  currents  were  first  used 
for  bringing  on  labor-pains  by  Hcenigcr,  Zyly,  and  Jacoby,  of  Nciisiadi, 
in  1844.  Since  that  time  the  same  agent  has  been  used  for  this  purfiose 
by  Frank,  Dempsey,  Barnes,  Mackenae,  Tyler  Smith,  Rodfont,  and 
others. 

The  indication  for  the  use  of  the  current  in  midwifery  is  declared  to 
be  an  ad>'namic  condition  of  the  uterus,  when  other  conditions  are 
favorable  for  or  necessitate  immediate  delivery.  Dempsey  records  x 
case  where,  after  ergot  in  large  doses  had  failed,  farxdization  for  forty 
minutes  produced  uterine  contractions  that  resulted  in  the  delivery  of 
the  child 

Frank  reports  a  case  of  miscarriage,  from  a  fall,  in  which  faradizatioo 
produced  contractions  of  the  uterus,  and  stopped  the  very  profuse 
hemorrhage.  Mackenzie  succeeded  in  sto|>ping  ihe  hemorrhage  in  two 
cases  of  placenta  prnevia.  In  one  case  the  current  was  applied  for  sis, 
and  in  the  other  for  three  hoiirs-f 

These  observers  claim  that  electricity  acts  more  quickly,  more  uoi- 
formly,  and  with  less  injurious  effects  than  ergot.J 

Both  M.  Dc  Saint  Germain  and  Tripier  are  highly  in  favor  of  fixa- 
dization  in  the  last  stages  of  delivery.  \Vbea  the  labor  has  fairly  begun, 
the  pains  coming  on  at  intervals  of  about  a  quarter  of  an  hour,  Tripier 
faradizcs  the  lumbar  region. 

Uterine  contractions  soon  follow  and  occur  more  frequently,  while  the 
dilatation  of  the  neck  takes  place  rapidly.  In  cases  of  confinement  At 
Tripier  alu-ays  faradizcs  the  lumbar  region  by  means  of  two  tlcctrodes, 
and  sometimes  he  applies  one  [wle  directly  to  the  utenis.      According 

•  Meyer,  op.  dt,  jw  453. 
f  Quuird  liy  Meyer,  op.  dC,  p.  45a. 

t  Simpion  wl  Scanioidf  00  ihc  other  baod,  deny  dM  sttUty  U  tkttndXy  Is  silA 
wilery. 
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to  his  accoant  the  placenta  is  expelled  immediately  after  tlie  fcctus,  and 
although  il  was  cvitlcni  thai  tlie  child  felt  t])e  current,  not  the  sligliteit 
itijury  luu  ever  been  infiicletL*  During  the  last  two  or  three  yean 
there  has  been  a  revival  of  interest  in  the  use  of  faradization  in  mid- 
wifery. Quite  a  number  of  observers  in  different  countries  have 
reported  good  results. 

Ur.  A.  Aturray,  of  this  city,  inronns  us  that  lie  has  treated  eighty- 
two  cases  of  inertia  uteri,  in  second  stage  of  labor,  by  external  faradi- 
xation,  and  always  with  good  results. 

He  states  that  it  aces  much  more  speedily  than  ergot.  J(is  nieitioj 
lit  to  place  one  pole  on  the  sacrum  and  tlie  other  over  the  abdomen. 
ITie  applications  arc  continued  for  from  eight  to  ten  mtimles. 

PostParium  Hemorrhage. — Faradization  has  also  been  used  with 
good  cflTect  in  post-parunn  hemorrhage.  It  r.ipi<11y  produces  contrac* 
tion  nf  tJie  uterus,  and  thus  may  save  ilic  life  of  a  patient. 

It  is  to  be  applied  the  same  way  as  before  delivery. 

Some  obstetricians  always  have  a  faradic  a]>|>aratus  on  hand,  in  case 
of  parturition. 

Disrases  of  the  Mantmary  Ghtmi — Dejieieni  Ijtfteal  Serrefioa.— 
Secretion  of  milk  tnay  be  increased  by  eleciriiiation.  Two  methods 
of  faradi/^ation  Iiave  [leen  proposed,  one  by  means  of  moist  electrodes 
on  the  gland,  Ihc  other  by  dry  electrodes,  with  a  view  to  cxdtc  liic  se- 
cretion of  the  gland  by  retlex  action. 

Successful  cases  have  been  reported  by  Aubcrt  and  Berquerel.f 
.Gilbert  cured  one  of  his  cases  by  dry,  the  other  by  moist  electrode*. 
In  the  dt^t  case  tlie  patient  had  no  milk  tlirce  weeks  after  parlitrilion. 
After  a  delay  of  seven  months  Ihc  treatment  was  applied.  The  third 
application  brought  on  a  [iiilk-fever ;  after  the  fifth,  niitk  appeared.  In 
the  other  case  the  mother  was  attacked  by  pneumonia  ti^  months 
ifxcT  confinement.  As  a  consequence  the  lacteal  secretion  ceased. 
Four  faradizations  with  moist  electrodes  filled  the  breasts. 

In  Becqucrcl's  ca^c  recovery  was  obtained  by  three  applications. 
Sniilar  results  have  been  obtained  by  other  observers. 

Dr.  Skinner,  of  Liveqiool  (quoted  by  Alihaus),  reports  a  case  of  « 
lady  who,  while  nursing  her  Dfli)  cluld,  suffered  complete  sup|)ression  r»f 
the  lacteal  secretion,  which  the  Doctor  attributed  to  llie  liiicture  of  Iron 
she  was  taking.  He  applied  the  current  (probably  the  faradic,  w*liich, 
On  Account  of  its  greater  mechanical  effects,  would  be  more  indicated 
in  such  cases)  to  the  left  breast.  The  patient  felt  a  tush  of  milk  to  the 
breast,  and  in  a  few  h  )uni  a  full  sn|iply  apiieared. 
*  Journal  Je  M(ilccin«.  f  Quoted  bjr  Merer,  op.  tit.,  pp.  451  and  4$!. 
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Tlic  right  breast  had  not  been  use'  fur  some  time,  on  accoxint  of  t 
previous  abscess.  As  a  new  experiment,  the  Doctor  made  two  applici- 
cions  of  fivz  minutes  each  to  this  breast,  and  brought  oa  a»  much  miU 
as  in  ihe  other. 

flerman^Mt  tnn-tast  in  tkttafteal  tta^itn  rntJer  gemtrml  amJ  Ipcalit^/araJisatitH. 

Cask  CLXIX.— Mrs.  ,  who  was  nunun);  l>cr  kecoiiil  ciiUd,  snbmilted  to  tira- 

r*i3il.in  fur  the  rclkf  of  nervou*  jirosiratbn  and  infomnij 

The  How  of  milk  was  icanty ;  quit«  ioHiffidcnt  far  ibe  proper  oonruhiBenl  of  Ihe 
cliikt.  Unrlcr  ihc  influence  of  gcncrsl  fAr;t<lL»tion  the  paiifnt  soon  stated  that  thi 
tfaugkt  lier  milk  wu  somewhat  mi>[e  atwnijant,  and  io  luliieijuciit  Waticci  vre  iiiwift' 
bly  cniled  by  locnliiing  the  corrcnt  in  both  breasts  Tbc»e  aiiemptt  reailied  In^ad 
a  decided  Liicrca«e  in  the  amount  oT  milk  ficcrcleU,  thit  tiie  inFasl  fouoil  tultritt 
nourifthment  from  cbe  brrait  witliout  retorting  to  artificial  food. 

It  i*  wMthjr  of  conimtnil,  tlmt  tlic  left  brenri,  which  wai  altnoat  dry  ml  ibe  b^ps* 
ning  of  iieatmem,  finally  Kcreted  tiuMe  abumlanily  than  tbe  rlijht. 

Dr.  A.  Murray  informs  us  that  he  has  tried  faradization  as  a  galacta- 
gugue  in  thiity-seven  cases.  Ke  found  it  eflicacious  in  about  two*thinU 
of  I  lie  cases. 

Sort  Nipples. — Sore  nipples,  like  ulcers  and  fistulx  in  general,  loajr 
be  treated  electrically  by  either  current,  but  the  galvanic  is  preferable. 

Different  forms  of  g^ilvainc  nipplc->i)ields  have  been  devised.  These 
act  like  the  electric  disks,  and  other  body  batteries. 

Dr.  A.  Murray,  of  Ihis  city,  has  devised  a  galvanic  nipple-shield, 
which  he  6nds  very  valuable.  It  id  composed  of  silver  and  unc.  It  if 
of  the  shape  of  a  percussiuti  cap,  and  (he  si2.e  ofa  small  Uiimble.  This 
shield  is  kept  iit  situ  by  strips  of  adhesive  plaster.  The 
milk  trickling  down  the  breast  may  offer  suflictenl  moist- 
ure to  excite  galvanic  action  ;  or  a  small  piece  of  moist- 
lened  lint  may  be  interposed  between  the  nipple  and  the 
shield.  Dr.  Murray  claims  llial  whL-n  this  slucld  b  worn 
for  several  hours,  the  excoriations  rapidly  hcaL 

He  also  uses  this  shield  as  a  prophylactic,  and  for  this 
purpose  recoiniiieuds  it  to  be  worn  two  or  three  hours 
daily  for  two  weeks  or  so  before  confinemenl. 

Kohland,  of  this  city,  has  devised  a  galvanic  nipple-shield  ofa  differ* 
ent  conitniction. 

Extra-Uterine  Pregnancy. — In  the  first  case  of  cxtra-utcrinc  pre^ 
nancy  which  it  waii  tlie  lortune  uf  Dr.  Kuckwcll  to  treat,  he  ua»  a«ked 
by  Dr.  T.  (1.  Thomas,  one  uf  the  ronsuliinij  physician^,  whctlMir  it  was 
jiossible  lo  readily  destroy  the  life  of  ihe  fti'tiis  by  ihe  cleciric  ciirrenL 
He  replietl  that  it  cotiUl  undoirblc-iHy  be  duite,  1>ut  the  iiii])orl.int  ques- 
tion, it  reined  to  tii;u,  was  whether  it  could  be  accuniiilishcd  withitut 
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injury  to  tlie  niotlier.  Tliis  question  was  answered  in  the  atTinnative 
by  the  results  Ihai  rollowcil  'I'lic  case  was  one  of  tubo-inicrsiithl 
iwcgnancy,  at  the  third  lyunlh,  and  lermiiialeU  favuraWy  hy  the  cximl- 
sinn  orihc  (ueius  and  )ilacc-nta  ihrnugh  Ihc  uterus.  The  tiistoiy  uf  litis 
interesting  and  renioi-kable  cose  was  carefully  wrillen  cut  hy  the  at- 
tending physician,  Dr.  Charles  McBumcy.  and  published  in  the  AVae 
York  M til  teal  Journal,  vol.  xxit.,  No.  j.  At  the  same  time  Dr.  Thomas 
took  full  notes  of  the  case  also,  and  as  ihey  fully  substantiate  the 
diagnosis  as  first  made  by  Dr.  McBurney,  and  which  was  ipieslioneil  by 
some  journals  afic-r  the  aiiikcarance  of  his  article,  we  are  glad,  with  Dr. 
Thomas*  penuissiou,  to  give  ihcm  as  follows : 


Com  »/  tutfi-imUrtrXal  prtguanty  term  uatittg  /avaraNy  by  txfmhiam  of  fattui 
anJ fUtfenla  through  tJu  uUritf, 

Case    CLXX  — Oti  the  MririmJ  of  January.  187S,  I  was  reqiicMtJ  Iiy  Dr.  Chailes 

Mt:lJurne}r  tci  sve  witli  lum  Mrs.  A ,  it  ]trimi)nra,  a;;rii  3t   years  w'l"  liail  been 

marn'ttl  on  ihc  iilh  uf  Ovtibcr,  1S77,  nii'l  Iml  l-ccn  all  hct  life  iii  [KrfeU  lic.iltb. 
S\it  1'ixJ  nicnst  1  ualcU  (or  iliu  last  limc  in  Ui:t<>'lwr,  rrom  the  i-A  to  the  5t1i,  mid  .it 
the  lime  of  bcr  iJi:L(ria^c  hid  bccu  well  fur  ux  tltjr^  SutK<i|ueHt  to  inariia^c  Jw 
hA<1  not  ircntlruiicl,  hut  at  irrci;»ilar  perioits  for  one,  two,  wr  three  rlay,  she  liod 
had  slight  BangurncoUK  ducliar^^cr*.  In  lite  Ullec  part  of  Octu)>cr  tlie  gaitiit  syntp* 
loin«  of  pregnancy  lia  I  drvclapeil  lltrm  -elves  siul  a-^  time  [>3ucl  on  tl  e  iiinnimary 
tyTit|itani4  added  ilicmwivcs  to  these.  Within  11  iiionili  Ijcfurc  1  uw  her  Mtt^.  A.'s 
fneii'U  a«  well  a«  hct  phy.ii.'L^Mt  he^an  lo  notice  lliat  stic  IiioLel  Ixaillj*,  aiii)  tl<is  la^t, 
toother  wiilt  the «yin)iiunfk  which  I  have  meniiuncd,  iudut^JUr.  Mi:ULiitii:j  t<^auvl>e 
that  ft  lliorou-^h  physical  i live 'iii;> lion  should  l>e  made. 

U|<un  eiaminii>|*  by  toiiclt  he  discovered  to  ll>e  k'ft  uf  the  uterus  a  cy>>t  wlitcli  fillnl 
thcili-ic  fushaaml  yie^w.!  the  meru^uver  In  llic  rij;ht  i-tdeof  thepelvii,  Ii  iv.i*  uitder 
these  cirt-umstani  Pi  iliat  he  re<iuc*tei|  me  to  sec  Mrs  A.  wiih  liim.  l"[«'>ii  inkMi'i* 
the  left  index  finger  up  ihe  va-jinTi  I  djicovered  aii  ela»li<  and  ><iii.ilive  cjH  to  the  Itit 
of  lite  |ielvis  rilling  the  iliac  fo^va  of  iliac  kMc  complciely.  Placing;  the  luihii  ul  lie 
fight  luuid  over  the  alxlumen  ctlern.tlly  and  praclkjog  enjrtined  maJiipulaiioti,  a  di«* 
tincc  rounded  maw  could  be  felt,  w-hii-h  wa«  quite  •ensiiivc  to  pre^ute  niwl  «  hich 
yielded  vciy  clearly  the  se'isiiion  of  nucluaiiun,  This  wan  very  clo-jcly  toniietlot 
with  the  utcni-i,  «hich  could  l>c  OiMinclly  mipped  out  lytitg  ilfng  side  of  and  in  i.n- 
mcliate  contact  writh  it.  The  uiertLs  was  smaller  than  Ihi?  ipau,  and  altlioui;li 
inaeiK-l  in  -i/<,  «a*  not  •«  large  n»  it  >ltou,ld  have  been  «l  or  near  ihi;  tldrd  moi^th 
of  Htero-f;c*(aiton,  Conjoined  manipidatiun  lieing  praciiscd  iviih  i/cc  fmijer  in  ilie 
reclum.  tinkler  the  extra- Litcrinc  mzn^.  ihc  politic  which  1  have  dotailed  conid  he  made 
onl  with  Mill  crtfitcf  cerUinty,  and  I  even  ihiMighi  iliat  I  cot  ibc  evidence  o(  bol- 
lotlemenl,  ihouj^h  of  this  I  wAt  itot  certain. 

I  arrived  very  positively  at  the  dtaijnoiis  of  ejlra-uierine  pregnancy,  as  Dr. 
HcBuiney  had  done,  and  at  my  suggesUon  l)r.  T.  A.  'Emmet  wa»  requeiled  lu 
examine  our  patient  later  in  the  day. 

It  wai  af;reed  tfi.it  llr.  Kminet  sh'iiild  see  her  alone,  M>d  thai  no  wlimatiiin  shwild 
tw  m:idc  lu  iiim  v(  the  vpiiiivti  a.c  n  bkh  we  bad  ariiveJ     He  ditJ  k*.  ilihj  u  uxict  wid 
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verjr  pofitiv«ly  agreed  wilb  lu  iit  diagnasu.  Tiw  nUlomlnal  walU  of  our  pAlknt  wen 
very  ttiiit.  and  she  w«j  m>  jicrfcctl]'  iiuiu^^l>te  sumI  ftu  Uoiioiu  of  aittut^  u>  to  Ihe 
citcni  or  liur  |U)wer  iii  luiivtti^  ai  a  cutrecl  conduxiun,  xiimi  llie  »faape  of  ilie  menu 
and  of  ifte  iuauwhit.lt  cxUteU  iu  cunttict  with  it  cuuld  lie  inappeU  uut  will)  iIm  noMl 
eom|>lcte  ccTtainly.  Tlic  only  posiblc  error,  il  sceiite^l  to  me,  which  coulil  nffcrl  ihe 
(lisgnosis  wan  Ihis :  there  might  exut  ft  l)i-cornale  uterus  ftni)  the  left  bom  tnij**!)!  be 
ibe  lubilat  of  the  foctui.  To  clear  iijt  this  doubt  and  to  make  the  liu  ttul  ptaiuo 
of  the  ulerut  still  more  cefUin,  I  met  Di%  Emmet  and  Mcliurney  on  ibe  iml  ibf 
ftad  expoMn^  the  cervix  uteri  with  n  SintV  sfccaluin  cauttoudy  pasted  iIm  ut<rui( 
sound.  Il  was  dctlccted  decidedly  to  Itx:  ri^ilit  aiid  pAssei)  in  for  a  distance  of  lio- 
tweeii  ihtee  and  Tuur  incliei.  I  turned  ii  ti>  the  left  aod  cndeavgnd  very  geftlljr 
anJ  cauiinudy  ic>  pcncKaie  the  rna^  lu  the  left  Qiac  fona,  but  it  was  ImptMtittle  to 
do  to.  Drs.  Einruct  aiit  McBurnvy  tlicnoieU  the  wuad  to  ot  lo  toti^fy  ltieniic(?a 
thoroughly  as  to  the  depth  and  potition  of  the  uterux  and  its  relation  to  the  cyH  «e 
the  left  of  it. 

The  imprewion  left  upoo.  our  mitult  upon  these  points  ii  beat  reptvsented  by  the 
(allowing  sketch.  • 


Fic.  153. 

The  cstra-ateriBe  maw  ■»«  rery  slightly  movable,  ftnd  il  differed  frinn  oucs  of 
tubal  prei^nancy,  whii:li  I  have  h»l  the  opportunity  of  exaiuiMinj;,  i»  the  fji-t  tlm  It 
•eerned  to  be  more  intimately  connected  with  the  utctiu  ilwlf.  Dr.  KmrNcl  tlMni|;bt 
that  by  conjoinotl  manipulation  he  succecflrd  in  (;c*(ii>c  balloilenefil.  I  wosdoobi* 
ful  wlte'her  I  |;oi  it,  ami  I  was  inclined  to  attribute  the  otM«writy  a«  to  thit  poiat  and 
tlie  den«e  and  ratlicr  notlulor  feci  of  the  lower  poilianofihcmSM  to  the  fact  Ihu  tbe 
p>acenla  intervened  between  the  finder  oiid  the  fuetut. 

UpoD  one  pmnt  cunnrLied  with  the  UhC  of  the  tound  I  nra  entirely  positive,  ud 
upon  litis  I  desire c^jHToally  to  fix  attention.  I  iiMd  the  invniraent  kj  as  certaia^ 
tu  have  broken  the  ftrl.-il  envelopes  and  allowed  the  escflpe  of  the  Itf^r  anu^i  kid 
the  gelation  been  nitnne.     The  alerus  was  cerlainly  empty. 

TIk  condition  of  nfTAirs  wat  now  fully  explainetl  lo  the  raUtiTtsof  iba  poliuU, 
who  left  the  conduci  of  the  ca*e  nnresnveilly  to  oar  diicretioti. 

The  previous  of  this  cave  wm  at  this  |ieriod  by  no  meMii  M  grave  a*  it  •nmeliinc* 
is  in  ai«e«  of  a  somewhat  Mmllar  character,  where,  as,  for  eiam|ile,  in  one  )ioIilithc>l 
by  if.yfctf  about  lliicc  yean  a^n,  alnindAnt  evi'lencct  exi.U  that  rupture  i*^  immiacttU 
In  ■ome  cue*  it  it  c«rtain.  aivl  in  all  it  U  hii.'hly  proliolile,  that  raptarc  generally 
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occurs  tn  ifac  Falloptxn  lube  in  tuM  pregnancy  IVom  contrMlion  of  thi*  dbtcnded 
muKulu  amal,  ihc  walls  of  wbich  are  i.-ompoK  I  of  tluue  Ulenlial  in  natiue  with 
ihii,t  wbicti  rortns  the  iiternit.  The  tulie  ile^'elupi  aittl  growit  as  llie  ulcriu  docs  m 
Borinsl  pre£naDcy  in  au  effort  to  meet  the  re-^uiremcDlt  of  ibe  {[piiviits  (<ct^  laaak 
Arrivetl  at  a  ccriaiti  piTioJ  uf  dbtcnti^Hii  the  tube,  ocliitg  as  a  vicarious  utcriuv  en< 
^leavors  tti  rid  itseir  of  its  contsnli,  adO  oftef  greater  or  leu  cffuit,  beiii^  leMMcd  ttjr 
the  constricted  cxiremilies  which  separate  it  (rom  the  uterus,  on  tlie  oiic  liam],  and 
the  periloiKnl  cavilj-  on  the  other,  tupturei  in  it»  atteiu|>l»  to  atcuinpli^li  tlic  result. 
That  a  blow,  fall,  or  cfftin  of  the  alir.Uiniiiia]  mu!M:le)>,  or  tliat  mere  hyilro*l3[it  pre«- 
Mire  exetled  by  (he  arcumuUitiofi  of  liquor  Mnaii  could  and  someiiineR  doescjesc 
rupture  of  (he  foetal  nest  no  one  can  douht,  bnt  we  hare  eviilence  of  tIic  fact  that  the 
tnbe  does  rontract  with  ^reat  energy  under  the  sitmulm  of  di^ciition  in  tliosa 
donic,  inlcrmiceut,  cramplike,  aitJ  a^onliiftg  efTuitt  which  uften  jxecedc  the  fatal 
i«we  in  these  nnfurtuiiaie  cawi.  In  (he  cmc  of  my  nwn  juit  referreit  lo,  iiicermil- 
tent  pains  over  the  (uiior  were  90  Mvcre  that  for  several  week*  before  rcnioTnl  of 
the  fcecu*  by  ^s^lunt  section  the  patient  ha<l  to  be  l>ep(  almcvi  contianily  nnder  the 
profuunU  influence  uT  opium  admiiiistcrc^l  liy  Ihc  hypiKleimic  »yiinge.  That  these 
"cramps,"  au  the  patient  ftiyle>l  ihcm,  were  really  due  tocontmctiun  of  the  tube  was 
readily  osccftained  by  conj  >ine.l  mini putai ion  practised  during  the  exuUcncc  of  one 
of  them,  when  the  ma^t  coulJ  be  felt  c  'nlracting,  conJeni'ing,  nnd  bardeitingiiscK. 

Tlie  ({ueattun  ol  ircJtineiii  now  cainc  under  cu»M>leration  in  the  cun&ullation,  and 
three  plans  were  fully  canvJue^l ;  first,  (hat  of  leaving  the  ca«e  to  nature  aivl  await> 
ing  events;  verond,  the  resort  to  removal  vi  (Ik  fcrlus  by  elyltviriry;  and,  ihiid, 
the  destruction  of  (he  life  of  the  fictiu  by  pas^in;;  throti(^i  tlic  exir^i-utciiae  moss  a 
strong  electric  cnrrent.  After  «ome  diicu-ision  the  hot  plan  was  ajjieed  upon,  no  one 
^«oca(ing  llie  first.  My  vuice  wok  strongly  in  favor  of  deslmyiiig  the  life  uf  the 
embryo  and  leaving  It  intact  in  iti  envclopefi,  in  the  hope  that  it  nbighi  become  to  a 
certain  extent  ah^rbed  and  then  ency^tdl  In  the  caM;  aliea<'y  alluded  tu,  in  whiih 
I  removed  the  fretu*  by  elytroiotny,  the  nr^ni'y  wa«  so  great  from  dliicntiun  anti 
contraction  of  ilie  (ulie  that  i  did  not  vcniure  lo  retort  to  any  meant  whith  in^uWed 
delay  or  might  ©Kcitc  muHculaT  *pa«m.  In  thai,  too.  the  vaginal  cxpr«nrc  of  the 
trial  hall  was  much  marc  superficial  and  easily  attainable  than  in  lhi»,  in  whiih,  as 
I  bave  satJ,  I  had  reason  to  (car  that  the  placenta  intervened  between  the  ftetal  iiodjr 
and  the  vaginal  wall. 

On  January  3d.  at  3  p.m  ,  Ilr.  Rockwel'  met  Dra.  Emmel,  McBumey.  and  myvclf, 
bringing  with  him  a  galvanic  iKtttery  of  thirty-itix-cell  power,  and  we  froL-ecOed  lo 
pass  the  interrBpied  cnrrent  through  the  mass  for  the  destruction  of  f.xtal  life. 

The  battery  being  ready.  I  paswl  through  the  rectum  a  sponge  cicclrodc  mounted 
upon  on  in«iI.Ttc«l  handle,  and  placed  it  jii*i  under  the  ftelal  ball,  Th«:n  )>lai.tng  a 
brood,  flat  Sponge  electrode  over  the  abdominal  face  of  tlic  maw,  I  press<il  it  down 
with  the  palm  of  the  right  hand,  the  patient  lying  upon  the  bat;k,  and  a  gentle  cur- 
rent was  pas<iei3.  The  patient  becnming  soon  accuitomed  lo  this  t>r  Rociiwell 
j[radua11y  increased  it,  and  stopped  the  application  at  (he  end  of  Ave  miiinies. 

On  tiie  next  moniing  (January  4th),  at  9^  A.M..  the  current  was  again  passed  with 
a  forte  of  twemy-thrce  cells  for  three  and  a  half  miniile!,  and  an  appointment  made 
for  half  pant  nine  the  next  nioining. 

After  the  fir»t  current  slight  painful  contractions  were  exciierl  in  the  fartat  envdope 
Aod  looae  tenUcincu  nu  devclojHnl  ui  ail  the  abdutninal  Luu«.k-t,  but  ncitlicr  pult« 
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nor  tcntpetatuttTwere  affected.     Ariei  llie  xcttnil,  decided  tn>i  fay  painfnl  conbic- 

tivos  were  excited,  to  that  ajiLuin  had  to  be  iiee\y  luol  to  <]uU:i  9>uir«rtng,  TV 
palK  grs'lually  ruiie  Lu  113  to  lUe  miiuite.  mid  llie  temiicnilure  tu  101)'.  Tlie 
whole  aMoiiicD  vrM  tender  10  prcMiire,  but  none  of  l)>e  lymjiiomi  wete  nf  vth 
chafActer  or  magnitude  tu  to  create  apprel)eu»iuai  of  iiiflaiumatury  uculile.  A  ilu- 
chu^c  ol  liloud  Cfum  Ou:  uterus  lim*  e*tat>lislii^  itwlf,  and  c«ntuiucd  to  lite  end  «l 
tlic  cAse. 

Ou  the  evening  ur  [!u»  day  it  was  felt  that  the  dealb  of  tbe  f«lue  was  in  «U  (Cvla- 
Ulity  accompli  died. 

Ua  iIk  next  day  (January  $ih\  at  9  A.M.,  I  net  Dn,  Emmet  and  McBvnwj. 
Wt  round  things  in  accordance  with  the  report  of  ycUerday,  and  determined  to  amit 
events  iriiU  ihi&  pre|MiT3lian  lot  the  wur&t  that  could  befall— cvciy  thing  was  fully  pre- 
pared in  an  udjoinine  room  for  the  immediate  per  to  rnia:ic«  uf  )>aAiniiomy  irtynpt4<iM 
of  ropture  ami  extension  of  the  foetus  into  the  paituneal  cavity  vliuwcd  tbenudvcL 
Tbe  cODlrattiona  vf  the  tube  were  k>  strong  and  often  repeated  that  hc  cvuld  not 
divest  ourselves  of  the  fear  that  Iwfure  they  could  be  quieted  by  opiates  ami  tine,  ft 
tolution  of  coDtiuuity  might  occur  at  the  point  ol  miuiinuni  dUicntion. 

Palpation  being  carefully  made  at  this  itme,  llie  uterus  could  be  distinctly  felt  oon- 
coulrnclilc  a&d  quiesceut  in  its  normal  position,  while  aJol^[  tide  of  it  the  larger  f^&I 
shell  could  be  diainctly  diiiinguished,  ai  tiaie«  aa  round  and  apiMrenily  aa  hard  at  a 
bUliaud-ball. 

At  II  A.  M.  on  tliU  ume  day  (January  51 J)  I  received  a  note  from  Ur.  McBnmcy, 
who  now  remained  with  the  palient  day  aiml  Dij^ht,  luuniituning  me  iu  haite,  and  My 
ing  that  chiiigK  hod  suddenly  ftnd  moit  decidedly  change<l.  The  tumor  in  the  left 
iliac  fmca  hod  grcaily  dtniinished  in  biie,  while  the  uterus  had  suddenly  bceot&e 
greatly  distended  and  bluod  was  pouriog  away  from  il  freely.  I  met  (dm  in  lUlf  ao 
hour  afterward,  when  I  discovered  that  this  uterine  tumor  bad  likeMitc  dtsapfcmd 
simultaneously  with  the  expuUiou  of  n.  fuetus  and  a  placenta  of  pcTfcci  cliaractcr.  At 
the  time  that  the  tumor  of  the  iliac  fo«a  had  disappeared,  the  patient  licrfcif  noticed 
tlK  altcraiiuii  in  tlie  icUtton  of  itMlf  and  the  uleiu^  which  has  bceo  meiitunicd 
above,  and  wa»  Mrtick  by  the  (udilen  transference  of  the  seal  of  pain.  When  thi* 
occurred  Dr.  .McUumey,  supposing  that  the  uterus  was  distended  by  Uood.  made  a 
vagina!  examination  and  was  surprised  to  find  a  distinct  sac,  like  a  bag  of  trater,  pro- 
trudiug  (rum  the  us  uten  externum.  Anxious  to  be  certain  if  this  were  tlic  cmc^  he 
paMcd  a  Kpccuhim  niid  diKOvcre>l  that  it  was  so.  He  then  punctured  Itic  mc,  wlucta 
be  found  very  strung  and  resisting,  and  the  f<eituarui  pUoenta  were  to->n  ex|>eited. 

The  hemorrhaj^c  now  ceited,  at  did  Ulccwite  all  fMla  and  discorafon,  and  iSe 
pmieot  <lid  well.  On  the  nest  day  (January  6th)  I  foiiod  het  feeling  very  ucU  both 
mentally  and  phyMCAtly.  Thmughout  the  course  of  the  case  il  appeaieil  that  sl<e  had 
fully  understood  1(5  nature  and  ill  dangers,  and  hod  calmly  nerved  tierxlf  to  bear 
with  fonitudc  whatever  fate  might  be  in  store  for  her.  A  year  or  Iwu  before  this  a 
woman  liad  died  from  this  cause  in  a  eouniry  town  In  which  she  nrat  »|Mn>>ling  the 
summer  holidays,  and  vtllai;e  gossips  hod  mmle  her  famdiar  with  iIk  liUFunihy.  (>a 
thii  visit  I  evamined  carefully  the  ulcrut  and  laie  fa.-(a]  nest.  TIm  former  covid  be 
distinctly  niajiped  uut  and  was  found  lo  be  very  slightly  sensitive  to  presaore.  Tin 
latter  could  be  felt  with  alm'>>t  equal  di<tiRCtness,  ihoui;h  now  insit^itiu>nl  in  bulk 
in  compoi'ison  with  its  site  of  iweiily-four  hours  tigo,  and  to  tiie  touch  it  was  cxoai> 


< 


EXTRA-UTERINE  PREGNANCY. 


635 


Ueljr  sensitive.     Tbc  utemi,  ouw  no  Lwi^r   preaed  into  right  Ulero-venioo  by  uk 

Ialjlrwiin^  nuu  upon  LtK  left.  Iiii  rciuuel  its  nonnil   potilton  in  the  pelvis.     Fi^ 
F' 

From  this  lime  the  pAtient  progressed  withoat  any  noteworthy  occurrence  to  con* 
plctc  recovery. 

The  tcnninalion  of  thif  rorm  orextraiilerine  pregnancy,  by  cxiiuImoii  uf  the  fn-'tus 
ukI  pUcenla  tbrougli  the  uterus  (whicU  in  un^ei  ibCM  ctrcumstauces  brought  into 
ictioB  nerely  u  a  prolon^tion  of  the  vugiiu),  U  by  no  meani  anknown. 


Flo.  ijfi. 


The  first  aitempt  was  made  with  seventeen  ordinary  zinc-carboo  cells 
freshly  charged.  Frequent  interruptions  were  matic  (about  lao  lo  the 
minute),  and  excluding  shgrt  intervals  uf  rest  the  patient  was  under 
the  influence  of  the  current  about  thcee  minutes.  The  niusclcs  of  the 
abd'Jnu'n  and  ['uiiba  were  wiiiewhat  vicilently  contracted,  and  some  ^tain 
was  cau^'d,  l)iii  ilie  patient  was  perfectly  comfortable  upon  the  cessa- 
tion of  treatment.  The  second  applicatiui)  wa<t  begun  with  eighteen 
cells,  and  this  number  was  gradually  increased  to  twenty-three. 


The  second  case  upon  which  Dr.  Rockwell  operated  was  in  the 
practice  of  Dr.  C.  E.  Billington,  the  accuracy  of  whose  diagnosis  was 
again  confirmed  by  Dr.  Thomas.  The  result  in  this  case  was  entirely 
successful. 

The  third  case  he  treated  for  Dr.  Baclie  Emmet,  who  had  in  con- 
sultation boih  Dr.  T.  Addis  Emniet  and  Dr.  T.  G.  Thomas.  Dr. 
IHmmeC's  account  uf  the  case,  with  it»  f^ivuiablc  termination,  may  be 
found  in  the  A'eiv  Vori  Mtdual  JourHaL 

In  the  fourth  case  he  operated  for  Dr.  Everett  Herrick,  tUc  diagnosis 
being  doubly  confirmed  by  Drs.  Tltauta&  and  Emmet,     In  this  case 
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again  the  foetus  was  effectually  destroyed,  followed  by  iHc  prompt  k- 
covery  of  the  mother. 

At  the  last  meeting  of  the  American  Gynecological  Society  at  Itoston, 
Dr.  T.  G.  Tliomas  read  an  exhaustive  paper  upon  the  subject,  giving 
the  histories  of  some  twenty  cases  of  exira-ulerinc  pregnancy  that  hid 
fallen  under  hts  observation,  together  with  an  account  uf  most  of  the 
cases  to  which  allusion  has  been  made,  and  in  which  electricity  ntio 
successfully  used.  In  addition  to  these  Dr.  Rockwell  has  more  fr> 
cently  seen  and  operated  ujvon  three  other  cases  of  like  character  ihit 
have  never  been  reported,  and  which,  if  possible,  even  more  stiongiy 
confirm  the  incalculable  value  of  the  treatment  tn  these  dangerous  but 
somewlial  rare  abiiormalitie::  of  pregnancy. 

The  fifth  case,  which  he  sa«-  with  Dr.  N,  S.  W'estcott,  wu  of  a  most 
inleresdng  and  unusual  character,  fioiii  the  fact  that  with  a  normal 
uterine  pregnancy  was  associated  what  we  have  every  reason  to 
believe  was  a  tubal  or  extra-uterine  pregnancy.  Dr.  Westcott  had 
previously  called  Dr.  I'homas  in  consultation,  and  it  was  at  his  sugges- 
tion tliat  electricity  was  used.  Tlie  patient,  a  lady,  aged  abuut  thiitr, 
last  menstruated  August  6,  tSSa.  Subsequently  slic  complained  of 
more  or  less  dtscoinfort  and  pain,  with  tenderness  in  the  region  of  both 
ovaries,  but  especially  marked  on  the  left  side.  On  Sepicmbcr  iSlh 
lui  internal  examination  was  made,  and  by  conjoined  manipulatioa  a 
small  tumor  was  discovered,  about  llie  siic  of  a  pullet's  egg.  It  wii 
dtuated  some  two  inches  to  the  left  of  the  mctllan  line,  nearly  on  a 
level  with  tlie  brim  of  the  pelvis,  and  could  be  moved  from  Douglu^ 
cul-de-sac  toward  the  margin  of  the  ribs.  The  tumor  gradually  in- 
creased until  it  was  larger  than  a  billiard-ball.  There  seemed  10  be  no 
reasonable  doubt  as  to  its  character,  and  on  October  24111,  the  tittt- 
ment  by  electricity  was  attempted. 

The  constant  current  was  used,  with  one  pole  introduced  to  the  mau 
throtigli  the  vagina,  and  the  other  over  the  tumor  externally  and  wiib 
rapid  interruptions.  The  maximum  of  current  strength  emplo>cd«u 
ei^teen  cells,  or,  to  speak  more  accurately,  as  di^erent  apparatus  vary 
much  in  electro  motive  force,  a  power  of  twenty-four  volts. 

This  operation  was  repeated  on  October  J5(h,  i8(!i,  and  30th,  caov- 
ing  the  tumor  not  only  to  perceptibly  decrease  in  size,  but  to  change 
its  seat  by  an  inch  or  so  as  well.  Since  the  last  treatincnt  it  tus 
gradually  grown  smaller,  tiniil  at  the  present  dale  it  can  barely  be  de- 
tected, At  the  same  time  there  is  now  developing  in  the  uterus  a  »s 
months*  ftetus. 

The  sixth  case  occurred  in  the  person  of  a  young  unmarried  wonuo. 
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rcsuiin^  outside  the  city  limits,  and  by  special  request,  aod  for  tuf 
(cieni  reasons,  the  name  of  Ihe  attending  physician  will  not  be  luen- 
tiDiied.  Kroiii  tiim  the  followiiig  history  was  obtained:  Two  wecki 
previously  he  first  Siw  the  cose  prorcfr^ionally,  and  found  that  .she  was 
suffering  much  paioiin  the  right  side,  together  with  irregular  t'ischarges 
of  blood.  The  patient  had  confessed  to  ihc  ito-utibilily  of  pregnancy, 
and  examination  elicited  many  of  tlic  objective  ami  subjective  signs  oi 
this  condition.  Nausea,  occurred  every  morning,  and  changes  had 
taken  place  in  the  areola.  Digital  examination  revealed  ilic  iact  that 
the  OS  uteri  was  little,  if  any,  clianged  from  its  normal  condition.  Ily 
^ircssure  over  the  right  side  it  was  possible  to  feel  a  certain  bardncs« 
not  present  on  the  other  side,  but  by  conjoined  tnanipulaiion,  with  on^ 
finger  in  the  vagina,  a  distinct  rounded  mass  coidd  i>c  felt. 

Examination  per  rectum  revealed  its  presence  even  more  distinctly. 
1(  pregnancy  existed — and  of  liiis  there  seemed  to  be  no  rcisunable 
doubt — it  had  advanced  nearly  to  the  fourth  nionih,  and  as  the  tumor 
was  large,  nuicli  Iiirgcr  than  in  ihe  case  just  related,  there  was  evU 
dently  no  time  to  lose.  Dr.  Rockwell  had  brought  with  hmi  a  suitable 
Bpjiaraius,  and  immediately  oi>eiatetl  by  introducing  one  pole  into  Iho 
rectum,  and  placing  the  other  externally.  On  account  of  Uie  great  dis- 
tention of  the  KalUipian  tube,  and  the  danger  of  mpture,  he  felt  ihc 
sity  of  exercising  the  utmost  care,  and  consequently  made  tisc  of 
the  inlerniptions,  with  a  current  strength  of  but  twelve  celU,  or  about 
sixteen  voUs.  The  current  would  then  be  quickly  incrvascd  without 
interruption  and  allowed  for  a.  moment  lu  pass  in  a  continuous  i^tream. 
The  treatment  was  concluded  by  a  second  application  on  the  follow- 
ing day.  Visiting  tlie  patient  some  two  weeks  snbsequcndy,  he 
found  that  the  iiunor  had  decreased  in  size  at  least  one-hatf,  and 
at  this  time,  nfier  the  lapse  of  several  months,  it  may  be  suid,  so 
far  as  any  external  evidence  of  it  is  concerned,  to  have  entirely  disap- 
peared. 

The  lajt  case  is  as  follows  :  On  December  14,  i88z,  Dr.  Rockwell 

was  informed  by  Dr.  H.  Marion  Sims,  that  Mrs.  A ,  a  patient  of 

liis,  was  suffering  from  extra  uterine  pregnancy,   and  was  by  him  re- 
quested to  undertake  the  destruction  of  the  foetus  by  electricity. 

Although  married  a  number  of  years,  she  had  never  before  been 
pregnant.  Dr.  Sims,  on  first  discovering  the  possibilities  of  this  con- 
dition, called  in  consultation  Dr.  T.  Aiidis  Emmet,  who  positively 
confirmed  the  diagnosis.  The  pregnancy  had  advanced  to  llie  third 
month,  and  the  tumor,  which  was  about  the  size  of  a  child's  fist,  wa« 
movable  and  coidd  be  distinctly  felt  both  from  without  and  withia. 
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The  size  of  the  enlargement  was  such  that  the  operation  was  otgeA 
itn met] lately.     For  fear  that  the  cyst  might  be  in  danger  of  nipluie 
through  uncontrollable  movements  of  the  palknt,  Dr.  Kmniet  adviiedj 
Ihc  admi  nisi  ration  of  an  anxstheiic. 

Ether  having  been  given  by  Dr.  M.  H.  Nash»  Dr.  Sims  placed  ihd 
uterine  electrode,  and  shocks  from  a  galvanic  current  of  but  aixteet] 
volts  in  strength  were  passed  through  the  foetal  mass. 

The  mildness  of  the  treatment  was  necessitated  because  of  Uie  un- 
usual nerve-irritabihty,  and  the  violence  of  the  iimscular  concractionf. 

Although  it  v/a%  probable  that  the  destniction  of  the  foetal  life  hiJ 
been  effected  at  the  first  stance,  the  operation  was  re|ieated  on  (be 
iStli,  Z4th,  and  27th  of  December,  for  the  puqKise,  first,  of  absolute 
certainty,  and  second,  to  accelerate  the  absorptive  process.  The  oou. 
tour  and  seat  of  the  tumor  were  not  only  changed  after  the  first  api>li*'^H 
cation,  but  it  rapidly  decreased  in  size.  The  patient  experienced  00^^ 
unpleasant  effects,  and  within  a  short  time  was  able  to  start  for  Eu- 
rope. 

In  the  treatment  of  extra-ulerine  }iregnancy,  it  is  an  important  point 
to  be  decided,  as  to  the  best  form  of  electricity  to  be  used.  Not  onlj 
has  galvanism  and  electro -magnetism  been  successfully  employed,  but 
it  is  said  lliat  the  common  magneto-electric  battery  has  also  proved 
sufhcient ;  but  from  both  a  physical  and  physiological  point  of  view,  and 
as  well  through  the  teachings  of  experience,  we  cannot,  for  our  put, 
doubt  that  galvanism  is  preferable  to  the  other  forms.  It  Is  naore  cer- 
tain in  its  effects.  It  has  a  greater  power  of  overcoming  resistance, 
and  consequently  its  influence  is  felt  deeper  than  the  other  ronn& 
Four  important  effects  attend  the  passage  of  the  electric  current 
through  the  living  body,  and  all  these  undoubtedly  enter  as  facton. 
cither  in  destroying  the  life  of  the  fuMus  or  ia  the  subsequent  pt 
of  absorption. 

These  effects  may  be  designated  as  mechanical,  physical,  chemictl,'' 
and  physiological. 

The  mechanical  effects  of  the  intenupted  galvanic  current  arc  equal 
to  those  of  the  faradic  current,  while  the  physical  effects,  manifested 
by  heat,  and  the  modification  of  endosmose  and  exosroose  are  in  ther 
main  the  results  of  galvanic  action. 

By  the  passage  of  the  galvanic  current,  the  endosmotic  phenomena* 
may  be  both  stimulated  and  reversed.     The  faradic  current  from  Ih^ 
secondary  coil  produces  no  such  eflfecl.     The  current  from  the  tnni 
coil  produces  these  effects,  but  in  a  much  less  degree.     Chemical 
electrolytic  effects,  again,  are  almost  wholly  the  result  of  galvanic  at 
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tion,  and  it  should  be  remembered  that  the  electrolysis  of  organic  sub- 
stances starts  a  process  iliat  conttniies  long  after  the  current  ceases  to 
Bow.  The  physiological  efiiicts  of  eleclricily  are  those  which  take 
place  by  virtue  of  the  vital  properties  of  the  body,  and,  unlike  the  other 
effects,  arc  only  observed  in  living  siibsianccs.  Physiological  effects 
arc  manifested  on  the  circnlation,  on  secretion  and  excretion,  but  only 
as  absorption  is  effected  does  it  interest  us  here,  and  it  is  quite  evi- 
dent (hat  the  absori>livc  powers  of  the  secondiry  current  are  quite 
limited. 

In  any  case  of  tubal  pregnancy,  and  especially  in  those  advanced 
conditions  where  the  tube  is  greatly  distended,  and  there  is  danger  of 
spontaneou3  nipiure,  the  possibility  of  hastening  this  catastrophe  in 
the  attempt  to  destroy  the  life  of  the  fcetus  should  never  be  lost  sight 
of.  The  tubes  themselves  are  but  slightly  supplied  with  muscular  fibre, 
and  the  danger  would  more  especially  arise  from  the  powerful  com- 
pression that  h  liable  to  be  exerted  by  the  abilominal  muscles,  and  the 
effort  should  be  so  to  dilTuse  the  current  proceeding  from  the  external 
pole  as  to  [)roduce  the  least  mechanical  effect  posr^ible.  In  rrganl  to 
the  diagnosis  of  extra-uterine  pregnancy,  it  must  be  confessed  that  it 
is  not  always  an  easy  matter,  and  in  the  cases  just  related  the  (jue&tion 
may  arise  as  to  its  accuracy.  The  eminence  of  the  gentlemen  associ- 
ated in  the  cases  should  perhajis  be  a  suffictently  strong  argument  for 
the  correctness  of  the  diagnosis,  but  conclusive  evidence  lies  also  in 
the  effects  of  the  treatment  itself.  The  results  of  the  electrolysis  arc 
well  known,  but  in  no  other  form  of  tumor,  cystic  or  otherwise,  is  it 
possible  for  the  galvanic  current,  used  as  described,  to  produce  similarly 
prom]>t  and  effective  results.  In  regard  to  the  effects  of  electricity  on 
noniial  pregnancy,  suggested  by  the  case  of  double  pregnancy  that  we 
have  related,  a  word  may  be  said.  It  is  a  mistake  to  suppose  that 
abortions  arc  readily  produced  by  electricity.  Without  the  electrode 
is  introduced  directly  into  the  uterus,  which  would  of  course  hf  suffi- 
cient without  the  passage  of  any  current,  the  strongest  treatment  that 
it  is  prudent  to  give  ni:iy  prove  insufficient.  Of  this  wc  have  had  evi- 
dence  in  several  justifiable  attemjitstr)  bring  on  a  iniscirriage.  In  the 
case  just  alluded  to  the  current  was  strong,  applied  by  shocks,  and  in 
close  proximity  to  the  uterus,  affecting  it  not  only  reflexly,  but  in  some 
measure  directly,  yet  the  normal  pregnancy  was  in  noways  disturbed  ; 
and,  so  far  as  concerns  general  applications  for  the  production  of  con- 
ttttutional  tonic  effects,  we  have  in  many  instances  administered  them 
with  impunity  through  the  whole  course  of  gestation,  and  with  the  most 
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happy  results.  The  question  may  be  asked,  What  becomes  of  the  fcetal 
mass,  after  its  destruction  by  the  electricity?  The  probability  is  that 
it  first  becomes  encysted  and  then  gradually  absorbed.  At  all  events, 
in  all  of  the  foregoing  cases,  the  enlargement  entirely  disappeared 
within  a  comparatively  short  time,  and  was  not  the  cause  of  the 
slightest  discomfort. 


CHAPTER  XXXV. 


\lt11FICIAL  BESPIRATION  BY  Et.BCTRlZATION  IN  CASES  OF  APPAREHl 
DEATH  TROM  DROWXINO,  OR  SUFFOCATION  THROUGH  POISONOUS 
CASES,  OR   IN  ASPBYXtA  OF   NEW-BORN   INFANTS. 

Thb  proccrss  of  exciting  artlficia)  respiration  by  faradization  *  is  as 
follovs  : 

t.  Lti  an  assUlant  put  the  Head,  shoulders,  andarmi  of  the  patient  in 
ajixed  positicn,  ivhiU  another  stands  ready  to  assist  the  expiratory 

movements  by  pressure. 

2.  Graduate  the  current  to  a  strength  su^ient  to  produce  vigoroui 
eontritetions  of  the  museles  of  the  ball  of  the  thumb,  and  then  press  the 
sponge  eleetrodes  (tvhieh  should  be  of  large  site  and  well  moistened) 
firmly  aver  the  phnnic  nerves  at  the  outer  borders  of  the  stemo-eleido- 
mastoid    muscles  and  at  the  lotver  end  of  the  scaleui  museles. 

3.  Interrupt  the  current  (either  by  removing  one  of  the  eleetrodes,  or 
by  an  interrupter),  about  three  times  a  minute,  while  the  assistant  presses 
firmly  on  the  abdomen,  ptiusing  occasionally  to  observe  the  effect. 

4.  Jf  after  a  number  of  interruptions  no  inspiratory  movements  ap- 
pear:, increase  the  strength  of  the  current. 

In  some  cases  it  is  stifficient  to  put  one  electrode  over  ihe  phrenic 
nerve  and  the  other  in  the  seventh  intercostal  space. 

I,arge  electrodes  are  used  so  as  to  affect  the  other  muscles  which 
ha«  a  share  in  inspiration  (scalenus-anticus  and  sierno-cleido-masroin) 
siniuliancously  with  the  phrenic  nerve.  Tiic  object  oi  holding  the 
aims  and  shoulders  in  a  tixed  position  is  to  ]>rtrvcnt  the  interference 
which  may  arise  from  the  contractions  of  the  muscles  of  the  arms,  am? 
at  the  same  time  to  obtain  the  co-operation  of  the  serratus  and  pt-ctoral 
muscles. 

I'rof.  Ziemsscn,  who  first  proposed  this  method  of  proihiciiig  artificial 
respiration,  advises  the  trial  of  the  galvanic  current  in  those  cases 

*  The  fatadic  currctit  U  usually  employed  for  llut  purpote,  ■ltho'U|[h  ihv  iaierniptcd 
jbttsnic  current  inlc>it  aniwer  the  purpoift 
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where  the  irritability  is  lost  to  the  faradic.  The  same  imter  pFcicau 
a  number  of  successful  usiilts  in  cases  of  poisoning  by  carboiik  aciJ 
gai  with  this  method  of  treatment  from  his  own  and  other  cxi>cnei)ce.' 

In  ofiium  fwisoning  artiltcial  respiration  by  faradization  may  be  trict) 
eilhei  alone  or  in  connection  with  other  methods.  Dr.  Iram  has  r^ 
ported  a  case  of  opium  poisoning,  which  recovered  on  the  api^licatioa 
of  one  pole  to  ihe  neck  and  the  other  to  the  pcrinxiim,  after  tannin. 
coflee,  and  tartar  emettc  had  been  unsuccessfully  employed  for  sevcia) 
honrs. 

Thwac  who  attempt  to  produce  arti5cia1  respiration  in  cmergcndej 
ore  frequently  unfaniiliai  with  the  melor  point  (see  p.  287)  of  the  (^ire 
nic,  and  therefore  apply  tlie  pole  in  tite  neck  indiscriminately.  K 
medical  acquaintance  informs  us  that  an  attempt  of  this  kind  which  he ' 
made  in  a  case  of  opium  poisoning  proved  imtantantously  faiai  to  tkt 
patient.  Under  ordinary  methods  the  patient  vras  recovering,  but  in 
order  (o  expedite  the  progress,  faradization  was  tried.  One  pole  vas 
placed  on  the  ribs,  and  the  other  somewhere  in  the  neck,  in  order  to 
find  the  iihrenic  nerve.  Immediately  the  patient  ceased  ta  brfothe,  Krd 
no  further  treatment  availed  to  resuscitate  her. 

This  case,  so  far  as  we  know,  is  unprecedented.  It  is  explicable  onl]r 
on  the  theory  that  the  shock  of  the  sudden  closure  of  the  current  neai 
the  nervous  centre  destroyed  the  waning  life  by  concussion. 

This  unique  and  unfortunate  case  should  not  deter  any  physician 
from  resorting  to  the  electric  method  of  artificial  respiration  in  all  case* 
where  it  is  indicated,  any  more  than  the  equally  unique  case  of  bhr.d- 
ness  produced  by  the  galvanic  current  (recorded  by  Duchenne)  should 
deter  us  from  galvanizing  the  eyes  aitd  face. 

Meyer  records  a  successful  result  in  a  case  of  threatened  death  boo 
exhaustion  after  diphtheTia.t 

Friedberg^  succeeded  in  restoring  a  child  of  four  year?,  asphyxiate 
by  chloroform,  by  this  method,  combined  with  compression  of  the  di>> 
plu-agm.g 

Many  failures  have  been  made  in  the  attempt  to  produce  arttficiil 
respiration  by  faradi'ition,  because  the  operators  were  ignorant  of  the 
true  method  of  application,  or  were  not  sufficiently  persevering. 

Dr.  Beard  has  twice  failed  lo  resuscitate  dogs  that  were  narcotized  bj 

'  Die  Electricttiit  in  dct  MedictL,  1866^  p.  174  et  wq. 
t  Op,  cif.,  p.  431. 

X  Quoted  by  Meyer,  op  cit.,  pp,  431,  43a. 

%  Imtstion  of  ibe  [ihfenic  neive  might  be  rtadiljr  coiabliied  with  llawirfiowOkid 
g(  vtificial  re^iration. 
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dilorDTorm,  although  the  applications  were  begun  in  less  than  a  minute 
after  Ihe  heart  ceased  to  pulsate. 

He  failed  also  in  a  case  of  oitium  poisoning  in  an  infant  six  we>.>ks  old. 

Some  remarlcabte  results  have  been  reported  where  life  was  saved  by 
faradization  around  the  neck  and  chest,  kept  up  by  intervals  for  manj 
hours. 

Dr.  Allan  McLane  Hamilton,  from  a  number  of  inteiesting  experi- 
ments undertaken  to  test  the  utility  of  electricity  in  asphj'xia,  concludes 
as  follows : — 

tst.  That  it  is  useless  to  expect  good  results  if  five  minutes  have 
elapsed  since  life  appeared  extinct. 

ad.  That  the  current  sliould  be  a|>|i]led  faithfully  and  steadily,  one 
pole  being  placed  on  tJie  ensiform  cartilage,  the  other  on  the  base  of 
the  skull  or  over  the  tracks  of  the  great  nerves  of  the  neck. 

3d.  That  the  faradic  and  interni]>ted  galvanic  currents  are  the  best. 

4th.  That  the  current  should  be  applied  some  time  afier  respiratory 
movements  have  become  regular.* 

ResuscUaiion  of  Ncuf-lwn  Children. — Successful  experiments  in  the 
resuscitation  of  new-bom  children  have  been  made  by  Schuiz  and 
Pernice,  The  latter  succeeded  in  three  out  of  five  cases.  In  one  of 
his  cases  tlie  child  was  bom  to  all  appearance  dead.  Restoration  was 
accomplished  in  half  or  three-quarters  of  an  hour  by  the  alternate  use 
of  the  warm  bath  and  faradization  of  the  phrenic  nerve. 

Lcgros  and  Onimusf  have  cxpenmenlcd  on  animals — rats,  dogs — 
with  a  view  to  bringing  on  resuscitation  during  syncope  from  loss  of 
blood.  They  used  the  galvanic  current,  placing  the  negative  pole  in 
the  mouth  and  the  positive  in  the  bowels. 

Dr.  Rockwell  has  treated  several  cases  of  suspended  respiration.  A 
new-born  babe  was  to  all  appearances  dead  ;  faradljation  of  the  phrenic 
nerve  resulted  m  decided  manifestations  of  life  for  a  few  moments 
only.  In  the  case  q{  a  hdy  who  was  in  a  state  of  asphyxia— from  a 
subcutaneous  injection  of  morphine — faradization  of  the  phrenic  nerve 
excited  respiratory  movements  which  were  repeated  some  twelve  01 
Bftcer:  times  after  the  current  ceased  lo  pass.  He  did  not  succeed  io 
saving  the  patient. 

*  Electricity  u  a  Meoiii  of  Rnufdution.     Americui  Pntclitioner,  Oct,  1S73. 
\  Qku  dcs  Hfip  ,  No.  53. 


CHAPTER  XXXVI. 

DISEASES  or  THE   HEART  AND    LUKOS 

Pafpifalhn  of  the  Htart. — Tlial  galvanization  of  the   sympathetic 

and  gcneml  elcctrizanon  have  a  posiuvcly  acccWraiIng  or  scibcivt 
sftect  on  tUe  action  of  tlic  heart,  we  have  dciiionsiraicd  by  a  Urge 
nimil»t;r  of  experiments.  (See  Klectro-Physiulogy.)  This  effect  is  pro- 
diic«i  by  the  action  of  tlic  current  on  the  sympathetic  or  the  pncuiuo- 
gastric:  in  tlitr  neck,  or  in  geneial  electrization  it  may  also  icsulL 
Bcconctarily,  from  the  influence  that  the  system  at  large  receives  froni 
the  application. 

Cases  of  functional  disturbance  of  the  heart,  a^ociaied  wiih  dytpcp- 
8';a  and  hysteria  and  an.'cmia,  we  have  found  to  yield  to  general  faroiLi- 
zaliun  in  a  large  variety  of  instances,  even  when  no  s|>ccial  attention 
was  directed  to  the  sympathetic  or  the  pneumogasiric 

Fliess  expetiinented  with  the  galvanic  current  in  In'cnty  four  cases, 
nineteen  of  which  were  functional,  and  five  of  an  organic  character. 

All  tlie  cases  were  more  or  less  relieve<l,  even  ihuse  dcjieiuk'nt  on 
structural  lesion,  while  the  majority  of  the  functional  canes  wt'rc  pcrmi- 
nenily  cured. 

His  method  of  treatment  was  the  daily  application  to  ihc  pnnitno- 
gastric  in  the  neck  of  mild,  descending,  galvanic  currents,  for  one  ot 
two  minutes.  Temporary  abatement  of  the  symplonis  follnwetl  each 
application. 

The  treatment  of  functional  palpilatioa  of  the  heart  is  cen.iinl}' 
worthy  of  more  attention  than  it  has  thus  far  received  from  elcaio- 
lhera)>eutists. 


Patfilalicn  of  the  Kta»i  atsirriaieJ  witA  ifytfiffitia — C'auttiat  murftihitity  M  tU 
turrtnt—  Great  imfrffvement  under  geHtral /araJitalivn. 

CaskCI.XXI. — Mr.  B.,  of  New  Jersey,  ipplicd  lo  us  Mnrh  ist,  with  the 
■ymptomiof  weftknea  oflhe  Momnch  uid  liver,  anil  sIm  of  funclioiul  <lenuigaDait 
of  the  heart.  He  wu  tail,  soinewlial  Rparv,  liiit  of  fair  nuvular  dcvelapment.  Ilil 
o(;cu[Mil<^n  K-as  that  of  a  farmer,  bui  for  iiom«  lime  Ixfore  b«  vinto)  ui  be  bad  tnea 
unable  iv  mak;  tkny  jirolrattetl  (■iciliiir.  I  f e  )iaJ  tested  vafiooa  ktodi  of  tt*tnvJ 
fflwiDHnn,  and  with  nnsaibfarlorY  t*sul'i 


ANGINA   PECTORIS. 

T>uHng  the  fim  it[tp1U'alinn  he  wu  Tnomenturily  overcome  by  i  feeliof  of  faintnev, 
l)ut  at  uncc  rallied,  tuid  ncut  ana)-  fccliiig  tUunget  atiil  drfj^litcr.  He  continued  to 
trUil  tu  iM-ci  or  rhrec  times  a  week,  (or  neuly  two  iiioDltu.  Tlie  iinproi'enieiii  wai 
■low.  ImiI  very  positive,  with  ucouiunal  temporary  rdapbcs.  T))e  cardijK  »yntptoiitt 
^adtall)  tliiiiiuuhe)],  aiit)  lii^  urength  increawd  lo  iiuch  sn  extent  lliu  he  was  alilc  to 
vexuiiie  In  part  Ids  daily  avocatioo. 

Wlien  he  left  us  Iiis  digcMiw  ftmctioas  were  weii  pctforineO,  anJ  he  luul  made  ar- 
rangeincncs  10  enter  upon  an  active  and  fleaiani  out  door  eniplrfyment. 

Angina  p€Cioris. — The  Ireatiiient  of  anyina  pectoris  lias  ever  been 
unsatibfactor}'.  The  cases  that  liavc  fallen  under  our  obscrvalion  were 
mostly  of  a  chronic  character,  and  turned  to  elcctro-clierapcutics  as  a 
last  resort.  As  illusirative  of  l)ie  best  result  that  we  have  Deen  able 
to  obtain  in  the  treatment  of  \\\\%  remarkable  disorder,  the  following 
case  IS  presented : 

Angina  ftttQrii — Probably  fj  oh  idwfatku  tAarccitr — Rtcamtty  uttatr  gtnrroi 

/araJitaihtt. 

CaseCLXXK.— The  patient  waiSEtoul,  vigorous  nmn,  aged  48,  ami  forei};1iieeo 
iti»niK»  he  lird  been  ihc  vic:(liiiuf  riotcnl,  iliarp,  sliuotin^  paina,  under  (hcftteitiuni,  i» 
iliu  left  thuulder  ami  nrm.  Krc<]tieni1ir  the  neck  would  ^ulTcr,  and  occaajuiidly  the  left 
le-,;.  I'hy^ic.il  explvrnijon  gave  do  evidence  of  organic  di<Asc;  and  as  it  wai  iiii^jot- 
Nlile  to  find  any  external  cxdiiug  cause,  we  ntCribuied  the  (.yniptonu  to  idio)iaLhic 
MUKL  When  he  moveJ  more  lapidly  than  u^ual,  or  ovcr-c^ertcvi  hJmieir  in  any 
way,  he  urai  Iial>lc  lo  be  sciictl  with  a  violent  »cnx  of  cnnslriction  in  llie  clicsl,  which 
vauicd  him  to  feel  a^  if  about  Iodic.  In  a  moment  (he  raHiating  yMRi  ilcKribed 
above  would  follow,  and  compcL  hjin  to  b1o]i  |>crfci;ily  MiU.  Ui&  aj^pctitc  and  diges- 
tion were  but  Utile,  if  any.  Impaired;  >ct,  from  ilie  rirtt,  the  frequency  and  severity 
ol  the  attacks  had  gradually  incrcsLScd  \i  a  rule,  a  paroxyara  Dccuned  every  dayg 
tnd  freqoeiitly  several  times  during  the  twenty-four  hours.  Occasionally,  however, 
a  week  M-uutd  pa»s  wilboul  an  attack.  • 

We  maile  ujie  of  general  faradUation  when  he  wai  entirely  free  from  any  uncasl- 
neu.  Three  daysclapsci  before  lie  og^ut  came  to  u&,  but  during  this  interval  the 
malatly  luut  not  manlfeueil  itself. 

Ucforc  idminintciing  lie  second  application,  the  patient  purposely  bruught  on  a 
lUTOtyuii  liy  viulenlly  swiasing  his  arms  and  bending  liis  liody.  In  the  midst  of  ihe 
pain  ibc  jiosilivc  pole  wra»  suddenly  applied  oner  the  nipple,  and  a  very  intense  cur- 
cent  smii  through  the  bndy.  With  (lie  rapidity  of  the  pasfdge  of  the  eLeclricity  ilKlf, 
the  pain  left  him,  and  aTtcv  the  s^nnte  had  cloved,  he  found  it  impossible,  by  any 
cflort  he  could  make,  to  bring  on  another  attack.  At  the  next  vliJC,  three  day«  suit. 
«e<)ueiitly,  he  wn*  able,  by  very  violent  elToTls,  to  bring  on  a  iiaroxysm,  but  of  far 
less  severity  than  before.  Similar  trentmcnt,  by  localised  faradization,  imntediately 
relieved  hint.  A  few  more  apjJiraiiomt  were  given,  but  dnring  hii  visits  to  ua  he 
never  succeeded  in  exciting  another  attack,  tlutt  we  might  have  the  pleasure  of  sub- 
duing it.  For  several  monitui  after  h:  was  dibclurged  as  cured,  he  had  no  retniB  of 
liie  angifia. 
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Angina  ptclorit—Dtfiit^J  ref.'ef  unjtr  ttniral  gahMttuatifin — Rtlafat. 

Case  CLXXU!.— Mi.  H.  M.,  agd  35,  refwrcJ  ro  i»  l>y  \>t.  Ltaming.  had  fot 
twenty  years  been  a  sufli-rer  from  (.■anlinf  jiolpitatiocii,  mili  iome  of  tlK^ympIotniot 
an^Uia  pccloriK.  The  cardiac  [nlpitaiioii  seemed  to  have  a  relnliun  (o  the  cooditionof 
thcaomuh,  being  Bssocialcd  Willi  Rill]  apinrcnilyJepeiLdent  on  at[ack.^uriiiilit;Miioi^ 
ftttcnded  with  r^ureitilitm  and  pyroiii.  It  «ru  one  of  ttioac  cue*  wbcre  it  «nu  ilUB- 
nilt  10  (Ictermine  prccuely  in  what  organ,  or  nerve,  or  Dcrve  plekWi,  Ihc  tjrtniiltna 
trvok  their  origin.  The  pAlienl  wu  not  remarkably  intelligent,  bat  to  far  u  «nitd 
be  glcanc<l  froin  Iii«  hi-^Cory,  the  aiincks  involved  tKtth  the  heart  aiul  the  uonuch,  tu 
[t  wu  certain  that  anything  that  excited  indigestion  orteo  uftliered  Ui  parosprat  of 
great  tcYcrity.  Organic  dbeaK  of  the  henil  had  been  suipetieit,  but  l>r.  t/aaAa^ 
a  nkilful  and  praciiKd  auicultalor,  decided  tl>at  there  was  no  such  Icwoa.  Mcdkioe 
hail  actum jilialied  but  littie  fur  the  (xUienl,  and  n-e  ilecideJ  tu  uk  central  ^vaait^ 
tion.  The  first  application  wai  mUd  and  brief,  but  it  cau<cd  mudi  ditdnm^  and  tot 
llie  moment  alarmed  anA  worried  the  patient.  la  a  few  days  however,  be  begju  to 
improve  Id  hiKtyinplOfn*,  anil  lic|;ai)  aUo  to  bear  tlie  current  belter.  For  aboul  two 
months  the  patient  pcncvned  in  taking  the  lieatmcnt,  uid  with  noM  dccidel  im* 
provcment. 

While  the  cure  was  not  perfect,  yet  all  hit  symptoms  were  so  alleviated,  ihal  fid 
became,  in  a  meamre,  enjoyable,  instead  of  a  heavy  and  couiani  boriien.  Siibie> 
quently  he  rcUpscd. 

AVe  may  have,  as  illuslrated  by  the  follovring  case,  a  retrocession  of 
the  rheuitiatic  or  gouty  diathesis  tu  the  heart,  and,  according  to  &ouie 
writers,  to  the  lungs  also,  producing  an  inctirable  organic  lesion  that 
may  result  in  this  neurosis.  A  tnetastasis  to  the  stotnach,  of  euher  of 
the  two  diseases  just  mentioned,  may  give  rise  also,  according  to  others, 
to  sjinptotns  of  cardiac  tveunUgia. 

Amgiit*  p*ttarii  /eUav^tHg  reptmtd  attatkt  oj  gottt — Aggravate  Umftrtrify  If 
Urtng  gatvanitatioH — Rilievtd  by  mild  genermi  /art  Jitaiitit. 

Cass  CLXXIV,— Mr.  D.,  ajjcO  52,  was  rcfcrrctl  lo  us  by  Ihe  lair  Professor  Ce* 
T.  Elli»tt.  Tlic  patient  nuaxlout)  plethoric  man,  somewhat  advanced  in)  ears  beyvfti 
the  middle  period  of  Life.  lie  wms  perhaps  what  might  be  called  a  **  high  liver," aarf 
(or  years  he  had  Indulged  in  wines  freely,  although  not  to  great  eKcesa. 

He  had  on  two  or  more  orcaManssuirercd  ciuiie  severely  froinatuckaof  gout  of 
Iftc  great  toe,  aiid  very  soon  after  recovery  (ram  tl^  last  attack,  he  b^an  to  experi- 
ence slight  symptoms  of  his  present  difficulty.  Tlve  pain  generally  conunenoed  i* 
Ihe  chest,  behind  and  a  Little  to  the  left  side  of  the  ttemnm,  and  cxlciMled  to  iIm 
thoolder  and  down  the  leg. 

Occasionally,  the  symptoms  would  first  manifest  themselves  in  the  leg.  and  thai  ei- 
tend  to  the  licaru 

The  jKLToxysini  were  never  severe,  so  long  as  a  quiet  poUure  was  nuintainpl,  hm 
the  encrtiun  of  ascending  one  or  Iwxi  nights  of  stairs,  or  walking  a  few  Mucks  alnari 
uiTaria.Uy  excited  mucli  pain,  accompanied  tviih  a  very  distrentng  shortneaof  faraalk 
The  patient  remarked,  as  a  singular  fact,  that  while  such  slight  efforu  reaiiily  canao' 
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csnliac  dtitie»,It  was  possible  for  hitn  to  excrcue  quite  Tiolcnttywil!i  light  dtunH-beUs, 
ud  yet  Kuffcr  from  none  of  (be  evil  effects  that  might  tfom  anitlogy  be  expevteid  to 
fiitlow.  Tlie  lirst  two  ftppllcacluos,  given  in  Novnaher,  1K67,  were  followed  by  oe 
■pedal  r»iiltK. 

Treaimeiil  wiili  a  powerful  fonulic  cumcnt,  on  a  tliml  occuion,  consideralil]'  oj*- 
gravatcd  (he  ()inpton)L  Tlie  fourth  application,  given  with  a  milder  current,  worked 
an  immedutc  dtan)^  for  llie  betler. 

The  pain  wa»  immeiliateljr  di«si[nt«il,  add  for  two  tlajfl;  UOtU  W«  »W  hint  Again,  he 
wna  far  tietler  than  Ix  had  been  for  months.  He  vtalbcd  a  Ion);  distance  without 
bein^at  all  oppress!  in  breaching,  and  at  Jiighl  he  wa^  quite  cuoifuflable,  although 
herclufore  his  Gyii]ptoiTi&  were,  as  a  rule,  much  a^f^avatoil  at  ihti  lime.  Oh  the  left 
ti4c  of  (he  neck,  (he  application  excited  pain  tliat  proceeded  toward  tlie  cltcat.  On  tlie 
right  side,  no  such  cfTcct  was  noticed.  Without  Uetailini;  farther  the  indilents  con- 
iweicd  with  this  cue,  wcwilL  simplj-^ay  that  trcalmcnl  by  both currciii s  tugellier  with 
penialcnt  niisilication,  aci;ompIished  merely  occasional  and  teraprimry  ainelioiraiian  ol 
hisdislTesting symptoms.  It  ia  true  that  pbyMcal  cxploraiiou  ga\-<  no  evidence  of  or* 
ganic  IciiMi,  but  in  consideration  of  the  uoiloubied  gouty  dlathesii,  together  wiili  the 
penitent  character  of  the  symptofns,  there  could  lie  no  he^tatton  in  declaring  tbe 
existence  of  some  irreparable  structural  iliEcatc.  It  is  impouiblc  to  account  for  Um 
temporary  but  marked  amcliotalioti  ilidt  on  different  occasions  followed  the  applica- 
tions, without  wc  refer  it  to  the  mild  anxsthctic  ctfcct  ol  the  faradic  current. 

Diseases  of  the  Lungs, — For  diseases  of  the  lungs  clcctruation  lias 
accomplished  less  than  in  any  other  (le[>arlinenl.  The  recognized 
gravity  of  phthisis,  together  with  the  A  priori  improbability  that  it  could 
be  directly  cured  by  any  known  methods  of  using  electricity — these 
ro  causes  have  deterred  elirclro-lhcrajH:iilists  from  making  even  cxperi- 

snial  applications  co  diseased  lungs.  One  author — Hastings,*  of 
Brussels — however,  has  reported  most  a&touiiding  results  from  fanulijLa- 
lion  of  the  muscles  of  the  chest.  If  wc  accept  in  good  faith  the  state- 
ments of  this  author,  even  the  second  stages  of  phthisis  may  be  cured 
by  this  method,  which  seems  to  affect  the  lungs  not  directly,  but  in- 
directly,  through  the  muscular  ilcvelopmenl  which  it  causes,  and  the 
greater  amount  of  oxygen  which  it  enables  the  lungs  to  breathe. 

The  amazing  statements  which  the  author  advances,  concerning  the 
aire  of  consumption,  are  entitled  to  more  consideration  than  they 
would  otherwise  receive,  from  the  fact  that  the  fundamental  idea  on 
which  his  treatment  is  based,  namely,  that  faradization  of  the  niusclea 
— electro-muscular  gymnastics  —  markedly  increases  their  sixe  and 
strength,  and  also  in)proves  the  general  nutrition,  is  eminently  sound 
and  thorotighly  demonstrable,  as  we  have  shown  during  all  our  investi- 
gallons  in  electro- tlie rapeutics. 

*  Die  LungenKhwindsucbl  und  ilire  Hcilimg  durcb  Rlectiidtat.  TraaaUled  from 
tbe  French  by  Dr.  Silbermann.     Erlangen,  1866. 
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Vaust*lias  experimeDtcd  with  lh«  method  of  Basting  1 — clectrumus 
colat  gj-mnastics — in  growring  children,  who  were  not  affected  with  uty 
special  diathesis,  but  who  ''•  presented  tht  appearance  of  de6Utty,  ian 
guar,  and  latk  of  forte  so  frequettily  found  amaitg  the  poorer  eleuses." 

The  resulis  were  "  wonderful."  Not  only  were  the  oiusdes  of  th« 
chest  greatly  increased  in  size  after  a  number  of  appUcations,  but  thcb 
**  breathing  was  deeper,  their  appetites  better,  and  chey  were  nior'* 
cheerful  and  lively." 

After  six  months'  Ireatiuent  the  increase  was  still  more  marked  in 
some  of  the  cases.  According  to  our  experience,  the  growth  of  the 
muscles  under  faradization  is  at  first  (piiie  rapid,  but  subscijueiitly 
much  slower,  and  io  a  few  months  becomes  stationary. 

lUstiiigs  lias  used  these  elect ro-iiuiscular  gymnastics  in  consumption, 
not  with  a  vte^o  to  directly  affect  the  tuhercuious  dtfosit  at  all,  but,  ij 
slrensihenittg  the  musttcs  of  the  chesty  to  so  improi'C  the  respirator) 
potoer  that  more  air  can  he  inspired^  and  so  benefit  result  to  the  health) 
portion  of  the  lung,  and  indirectly,  through  better  oxygenation  of  the 
blood,  to  a  certain  extent  on  the  diseased ptortion  and  on  the  wltole  system. 

The  method  and  principles  of  treatment  in  all  his  cases  was  substan- 
tially similar — t-lcctro-muscular  gymnastics :  about  half  a  niinule  ii*ai 
given  to  each  muscle,  and  about  Ave  minutes  to  each  sitting.  Pro- 
longed treatineni  was  found  to  be  injurious. 

The  general  statements  of  the  author  were  confirmed  by  Dr.  tiougardf 
who  aflirms  that  the  patients  remain  cured  for  one,  two,  or  tliree  yean. 

Dr.  Crocq  31l^o  speaks  favorably  of  the  method  of  Hastings,  althougb 
in  tlie  treatment  under  his  own  direction  of  the  very  severe  ca«es  oC 
consumption  in  tlie  St.  John  Hospital  he  obtained  no  (lositive  results. 

Although  the  beneficial  effects  of  muscular  cxercis**  in  consunjptioo 
have  long  been  conceded,  yet,  in  the  present  state  of  the  professional 
mind  on  the  subject,  ihc  statements  of  Bastings  will  need  mor*"  numer. 
ous  indorsements  before  they  are  accepted. 

We  would  suggest  a  method  of  treating  imlinonary  tuberculosis 
whicli,  so  far  as  we  know,  has  not  been  used,  but  which  is  surely  worthy 
of  a  trial.  Iliis  method  would  consist  in  external  galvanization  of  the 
diseased  jwrtion  of  the  lung  with  a  mild  stable  current.  The  electric 
current  might  thus  act  on  the  diseased  lung,  as  it  acts  oa  inlUineJ  and 
ulcerated  sui  faces  elsewhere. 

*  McUctni^ctm  Joutnal,  vol.  3S,  Juni  1864,  p<.  599.  Silning  dcf  GcteHKhaft  fiu 
Mnlirin  uiul  Xaturwusnischatlen  lu  Drtiuel,  vora  2.  Mai  i8£|.  Tbit papa  b  (ir» 
KatMl  in  l)i«  work  of  Butin|*t,  above  quoted,  p^  119  et  yex^ 

f  O)).  dt.,  |x  147.     Lac.  cit.,  p.  142  ei  ie<). 
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ExoPHTHAi.sitc  goitre  ia  so  comparatively  infrequent,  and  its  path- 
ology MJ  iiii[)crfcctly  Miiclerslood,  t))at  its  t)iera])ciitic:s  liavc  necessarily 
been  more  or  less  uncertain.  When,  therefore,  the  tise  of  electncity  is 
sugijcsicti,  the  question  that  first  arises  in  the  minds  of  those  who  have 
but  little  pracitcal  experience  in  methods  of  electrical  treatment,  relates 
10  the  kiiitl  of  current  and  the  details  of  its  applicniion.  In  regard  to 
the  current,  every  pliyKlu logical  consideration  and  all  experience  points 
to  galvanism  as  pre-ejnincntly  indicated,  and  yet  we  inu&t  l>car  lesti- 
iiiony  10  the  fact  that  the  faradic  current  is  not  in  every  case  useless. 
The  applicj. lions,  however,  nmst  not  be  heal  but  ^tnrntl,  ailer  llie 
luclhod  of  general  faradization,  and  in  a  certain  proportion  of  cases 
where  there  is  anaiinia,  with  marked  nervous  irritability  and  phjsical 
veakness,  bcneiit  will  certainly  follow,  provided  always  that  ilie  opera- 
tor will  take  sufficient  trouble  to  appreciate  the  various  steps  of  the 
process  and  make  his  applications  practically  efficient. 

In  tl>e  use  of  the  gaivanic  current  upon  wliich  we  are  mainly  to  rely, 
wc  have  obtained  good  results  by  placing  the  cathode  over  llic  cilio- 
spinai  centre  above  llie  suventi:  cervical  vertebra,  and  the  anode  in  the 
auriculo- maxillary  fossa,  gradually  drawing  the  latter  {atlcr  a  few 
monienls  of  stabile  treatment)  along  the  inner  border  of  Ilie  slerno- 
clcido-mastoid  muscle  to  its  lower  extremity.  The  second  step  in  this 
process  consists  id  removing  the  anode  to  the  position  occupied  by  the 
cathode,  and  placing  the  latter  over  the  solar  plexus,  using  for  a  minute 
or  so  longer  a  greatly  increased  strength  of  current. 

In  one  case,  failing  after  coribideral)le  effort  to  ac:coin]jIish  more  than 
a  very  moderate  degree  of  amelioration  of  the  symptoms,  we  made  use 
of  currents  that  were  rajjidiy  iucteabcd  and  diminished  every  few  scc- 
omls,  as  described  in  Case  iSi,  with  very  great  bcnetil. 

Subsequently  to  this  wc  cinie  across  a  case  originally  publishctl  by 
Dr.  Aucona,  in  the  Ghrnale  Vemto  di  scifnxc  mfdifht,  which  liad 
escaped  our  notice,  where  an  obstinate  and  severe  case  of  Graves'  dis- 
ease had  been  cured  by  this  method  of  current  inlerruption.  Tlie  cure 
(vas  accomplished  only  after  the  administration  of  one  hui^dred  appli* 
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cations.  Kx^>i>t)tliaiinic  guUro  is  tinduubtedly  of  centric  origin,  and 
many  cases  Mnictur.il  cli^ingcs  of  the  syin]>nthcttc  must  underlie  all  the 
observed  symptoiu*.  On  the  other  hand,  th«  rapid  recoveries  ilut 
hive  been  known  to  follow  tlie  administration  of  certain  inelliod&of 
treatment,  render  it  in  the  highest  degree  probable  that  the  jsymptoiaa 
may  dc)icnil  .is  well  on  fnnctiunal  cau^rb  alune.  Its  unset  ami  cuime 
have  been  so  frequently  and  fully  described  that  it  seems  entirely  un- 
necessary to  attempt  any  det^led  descriptiun  of  its  nunicruus  syiiip- 
toiiia  other  than  what  will  be  fonnd  in  the  accoinpanyiog  casei  One 
fact,  however,  in  our  own  experience,  that  will  be  noted  as  Uie  cases 
arc  given,  strikes  us  as  worthy  of  a  inoiuent's  attention,  and  that  is,  llw 
rre<[Lienry  of  iltc  disease  In  its  inconiplece  fonii.  By  this  Is  meant  the 
ca^cs  where  tlic-  cxophihaliniis,  the  thyroid  enlargement,  or  tlte  cardiac 
syniiicoms  were  cither  absent  ur  but  slightly  developed. 

In  three  cases  the  eyes  were  vety  little,  if  at  all.  affected,  while  the 
cardiac  pal|iitati<»n  anil  tliyroiil  swelling  weie  very  decided.  In  one 
case  the  puUe  was  but  S8,  while  tlie  other  two  symptoms  were  dis- 
tiui:lly  present.  In  every  case^  however,  that  has  fallen  under  oar 
observation,  the  thyroid  w:ts  large  and  [ndsating )  and  yet  Trousseau 
and  others  report  cases  which  they  regard  as  true  examples  of  <jnivck' 
disease,  wlicrc  there  was  little,  if  any,  evidence  of  glandular  enIatg^ 
merit. 


£xo/JitkAlnuc  goitre  0/  vnt  ytaf*t  itatuiimg — ln€rtasid  trmperatitre — Rxtverf 
/oilows  fifteen  affHeatioHt  of  gaivanitm, 

CaseCLXXV. — The  patient,  J.ilm  I ,  wiwa  pal*.  Uim  nun,  »g*d  iq.  ud 

by  occupatiun  s  compoMlor.  Tlie  three  canlinal  tympcums  of  %\k  dUcaw,  vix. : 
exophlhalmus  BWclUng  of  ihc  thyroiil  (•'Kntl,  unci  palpiiMiom.  wtrc  pre<CDt  in  ■ 
inarkeil  KXt^tte,  luid  in  addition  Lhcre  wile  il  wane  of  hanuoRjr  bctHccn  the  nioTt- 
nicHli  of  llie  u|iper  eyelid  and  eyeball,  1  plicnomenon  fini  olwcrvcd  I>y  Von  Uracfc, 
anJ  liy  him  rcgaidol  as  pathof^Domouic. 

Tl»c  history  aiwl  antecedents  of  ilw  c4*e  are  ai  follows :  The  mwher,  now  dcmwd, 
MifTcrcd  from  epile|)tic  wtinrc*  frftni  the  carlieit  rcmcmlirancc  u(  nur  paiicnl.  wliitt 
an  oilier  si^lrr  wns  (he  victim  uf  frequenl  ami  seme  attaL-kt  of  hyMcria.  1'Ijc  fathv 
hail  been  inlemperaic,  and  died  of  delirium  Iremem.  Il  vroukl  tliui  leem  thai  « 
Itail  in  this  htMory  i;round  for  a  ticlicf  in  the  importance  of  tite  rcUlioii  of  heroJitJrj 
indolences  to  these  conditions. 

The  health  of  the  patient  up  to  his  twenty-fifth  year  bad  been  uniformly  good.  «A 
the  only  evidence  of  a  nemotic  predispu^iiiim  wa*  an  occfi«i(>ital  and  nnetpbinahle 
tendency  to  insomnia  for  a  year  or  so  previoiu  [o  Ihe  Aral  lymptoms  of  lu>  il'ueu*. 
\Vc  first  saw  the  min  July  6,  1879. 

Ourinf:  the  i.unimerof  1S78  he  observed  a  siiuht  swelling  of  the  thyroid  ;  veryHmn 
fefter.  cuQMdciattlc  palpitaLkiii ;  and  later  still,  protrusioo  of  the  eyeb*lla.    Il  »  la }« 
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in  pfttdng  tliftt  Ihe  order  of  ibc  oriMt  of  ihe  flymptomt  U  qtiusiulI,  the  tlijrroM 
enlargeraeDI  uiuall)'  Iwing  second  in  urder  oT  development  msleoil  ul  tirvt. 

On  uur  ftzA  exuainaUun  Mt;  i'>ur\d  tlic  gland  enlarged  to  a1>oul  the  me  of  the  fistt 
of  a  chiUl  of  ten  ycai^  the  puliic  bDalinjj  in  rrer]uenc/,  125  to  ihe  minute,  wliile  the 
protrusiuu  uf  ttic  ^lobc  of  lite  «vc  mu  a»  gml  a^  in  any  case  wc  hnvc  x^n,  Hy  &ul»- 
M<iuenl  esumtiiattoH  we  found  that  the  \iaUe  raiigc<i  frain  tio  to  ija  Un  three  dif- 
ferent occuions,  where  tlic  AxilUry  [liennoineler  wu  uwd,  il  maiked  too\  101', 
100.4°.  T^'C  apiKtite  i>f  tlie  pniieiit  wiu  |i>iur.  Ids  se>:rclion>.  disordcrcil,  auU  hia 
general  otrcnglh  impaiicJ.  After  wLne  pieUmiuary  medication  of  a  conrcclive  nature, 
we  gave  the  ordhtary  prescripiiuii  of  iiumine  and  iron,  aiid  si  the  same  lime  bcijaii 
tlie  applications  of  the  ijalvaiiic  current 

The  force  and  rapidity  of  the  heart-beats  were  greatly  modified  ;  ami  aL-company- 
ii%,  or  rather  fullowin^,  by  a  week  or  ten  days,  this  subsidence  of  llie  violeiu  palpiia- 
tion,  there  wa.1  a  vct^  noticeaUe  decrease  of  the  e(ophthjilum«.  A  deicrca^e  in  the 
bIm  of  the  thyroid  waf  not  ob'^crvcd  until  wine  days  after,  and  disappeared  with  nitich 
leu  rapidity  than  the  other  wmptoma.  In  order  to  hasten  the  cure,  we  very  care- 
fully pcifurmed  elect rolvMS  on  Iwo  occa<iioiis  ami  wiih  CTidcnl  beDefit. 

At  the  ilate  of  wrilinc  Augmt  30,  i9y<).  after  having  received  fifteen  appIic:)lion!^ 
the  patient  has,  w  far  as  relates  to  the  pEilpitation  and  eutpbthalmus  entiiny 
recovered. 

The  soLire  has  decrciscd  in  si/e  fully  two-thirds,  and  is  qa\tt  hard  and  fniu^  a 
change  which  is  lo  be  attributed,  in  all  pcobatUily,  to  a  hyt;trpla»U  of  the  glanduUr 
tUsne  taking  tlw  place  of  the  dilated  vcssel& 
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We  place  the  following  case  on  record,  not  only  because  of  the  bene- 
fit accruing  from  treatment,  Uui  as  illustrative  aUo  of  two  rare  sytniv 
toitis  in  connection  with  Graves'  ilisease,  viz. :  1st.  Dilatation  of  tlie 
pupils,  ad.  Swelling  and  pulsation  in  the  region  of  the  solar  plexus. 
We  are  rot,  indeed,  aware  thai  any  case  of  Graves'  disease,  in  which 
lliis  last  syiiiptuin  may  havi;  possibly  been  observed,  has  ever  before 
been,  published. 

Acce]>iing  the  theory  of  a  disturbance  of  the  sympathetic  as  a  cause 
of  this  afTcciion,  It  is  not  remarkable  that  tis  lower,  as  well  a.s  its  upper 
ganglia,  shotdd  be  the  seat  of  the  disease,  sufficient  to  cause  n  dilata 
tion  of  the  vessels  branching  from  the  cceliac  axis,  analogous  lo  that 
observed  in  the  arteries  of  the  thyroid  gland.  In  consideration  of  the 
rarity  of  this  symptom,  therefore,  il  is  interesting  to  recall  [he  fact,  diat 
in  eight  autopsies  where  changes  were  observed  in  the  sympathetic  and 
its  gangUa,  they  were  confined  to  the  cervical  portion,  the  thoracic  and 
abdominal  sympathetic  being  entirely  healthy. 

In  this  case  there  must  necessarily  have  been  marked  disturbance  o( 
the  lower  gangha,  but  the  ci^mplelt-  ;tnd  permanent  disap|iearance  at 
the  gastric  swelling  would  scctn  to  preclude  the  probability  of  the  exist- 
ence of  any  lesion. 
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In  the  very  few  ca^es  of  exoplithalmic  goiire  in  which  dilatatlol 
the  pupils  lias  bccii  observed,  the  cau^e  is  supposed   to  be  due  to  t^ 
"  paralybis  of  ilie  pupillary  branch  of  the  oculo  motor  nerve,  cooac- 
quent  on  n euro. paralytic  dilatation  of  the  veisels.     The  isolated  pe 
alyus  of  this  branch  (the  other  fibres  of  the  motor  ocutt  reJiiainin^  1 
afl'ectcd)  ii.  rcrcrrcd  by  Stcllwag  to  the  fact  that  the  branches  de'itn 
fur  the  pupil  do  not  join  the  other  oculo-molor  fibres  until  after 
latter  have  crussed  the  crura  cerebri,  and  that  they  have  been  pio* 
to  originate  from  several  centres  of  various  function." 

£xiipktkalMit  goitrt^  with  bilattr.ii ftrjfiiratiou,  tnlargttt ^/Ut,  ett. — liap*J*Ki 
iitdJed  rttiej,  hut  Httt  a  ffrjett  rtattty. 

CaseCLAXVI.— Mr*.  Ci ,  ogod  tboiM  40.  caune  to  its  for  the  relief  of  ■»«» 

opbthalinic  (P>ilre,  May  3,  1S76.    The  eyei  w«e  mucli  piotrudwl,  ihe  Uiyrokl  proni- 
neni,  and  the  caidiac  |Kil{tiiaiion  violent.     The  average  rre>juency  at  the  pulie  m 
■Ixnit  115,  Ijiit  on  various  uccabion^  wc  fuuiul  ih«l  it  wu  ImUiitg  al  lh<!  r«te  of 
10  tlie  minuLc    Tlw  [Kkiieut  was  annoyed  hy  prnfme  hilaicral  (icr«|>irattoii,  tk*  fm^ 
vftrt  tmUrged^  and  verli^  via:i  a  ricquciit  lymptgm.     TIm  appetite  was  cox: 
Bood,  but  sb*  coniiilairiirJ  ijTinuch  nautea. 

She  referred  tu  unc  uthci  xymptom,  which,  if  related  to  the  dueaie  a&  on  dictt,  a 
it  u'ui,|{l  »ecnt,  uab  quite  ncur  \a  u»,  SulisetjucDt  to  the  (lc«elo|iii>ent  of  the  three 
cardinal  k}'ih]iiun)*,  wlocb  occurred  id  lite  fallowuig  order — pjlpitalion,  Ibyroidcf' 
largemeiii,  exojihihaltniis,  n  swelUni;  appeared  iMrar  the  pU  of  the  Uomadi,  which  ii 
>ijc  ami  vigor  of  puUatiijn  was  more  marked  than  the  goitcc  We  ma;  mnirk  tbri 
Ur  S.  S.  I'lirplc,  of  New  York,  had  attended  the  patient  to  Kveral  coD&Bapaiiiv 
anrt  wai  coi^nijuinl  of  the  disease  in  iitieitiuiL 

l>r,  Foiplc  tnfonncd  us  that  »lie  had  Hiflcred  much  from  malarial  (toison.  \v  wtiuh, 
together  wiih  tItcelTeclsof  a  labor  of  some  'severity  shortly  previous,  might  puwitilf 
tie  attiihuted  the  ggrmplonis  in  question.  The  lir&t  aigiu  of  the  diseue  were  uuniktf 
some  three  ye."ir«  before  ihe  came  unOcr  our  observation. 

We  aUmiui^Ceio.1  tu  thi^  patient  seventeen  applications,  lea  of  which  werMiihlhe 
Cnlvantc  current,  locally  applied,  while  leven  were  with  the  Faradic  current,  enrl  twt 
more  |;eiierai  ui  llieir  nature.  AmcLioratton  followed  very  (juickly,  and  at  Ditsdiie 
f  iSSoj  the  only  symptomi;  o(  the  dineue  iaa  very  »liglil  swelling  of  ibe  thyroid,  ia4 
ill  a  modified  form,  a  tendency  to  uccasional  cardiac  jialpitattoni. 

Kxofkthalmk  gntre  attoiiattd  mtA  tfitiat  irrUatiwt — Apf^roximtalt  rttfvtr}  fd- 
l^i'i  ga/vaniMtion  and gfnfral /araditatiai. 

Case  CLXXVn,— Mrs.  E ,  aged  31,  married,  and  the  motlier  of  two  cfaiMrcHi 

wat  seen  with  Dr.  I.  B.  KeaO.  She  lint  obKrved  an  ap|)recikblc  iocieaK  iu  tte 
ra|)i(lityor  the  heart's  acfion  in  the  fall  of  1S78.  Abont  the  same  line,  or  uoaaflfri 
.-u  she  was  klanding  before  the  mirror,  her  attention  was  called  to  on  iiKic*>ed  (nl* 
nevinliout  the  neck,  and,  upon  parising  her  hand  over  ibe  part,  slie  became  aware  ■>' 
what  she  termed  a  beating  tcntalion  and  a  softer  feeling.  These  symploot*  mcrewu 
tnmcwhat  rapidly,  untd  they  assumed  the  cortdicion  presented  when  the  case  cuat  "> 
na  in  October,  1&79.     At  this  liiuc  the  heart  wai  Lcaiiug  al  tbc  rale  uf  uo  to  Hi 
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per  minate,  aotl  oa  cxcTcise  or  untlcr  excitement  it  u'cnt  ap  to  150  per  miiiiitc  The 
thyroid  cniarscmcni  wa«  marked,  though  not  enormous,  while  the  eyes  were  quite 
proluber&nt  and  blood&bot. 

Around  the  necic.  over  the  thp-oid  gl«nd,  the  meftsnremenc  was  fifteen  inches. 
The  patient  wav  ctiloiotic,  hyMericali  and  nervoiu  to  tlie  la:^^!  dq^ee,  nnii  it  wnt  with 
the  ci'cateu  difhcutiy  that  she  could  be  induced  to  lubmit  to  the  neceuary  cxainina- 
tioD  Bnd  treatment.  Tlie  «|iine  »'&»  exceedingly  wn«iiive  to  prcnnre  all  along  its 
course,  and  especially  IxjlHecn  lti«  tcipula-,  where  firm  picstuie  invariably  ceiuved 
nausea :  and  on  the  occaaon  ol  her  secund  ri&it,  white  nmning  our  fingen  down  the 
back,  and  lin^eriu^  for  a  moment  with  a  fomewhat  incresKd  pressure  over  the  nioie 
teniitive  portion,  ihe  immediately  but  quietly  rejected  her  breakfut,  which  hid  been 
lakeu  an  hour  before. 

It  h  to  be  remarked  that  these  evidences  of  «[^nal  irrllatinn  and  extreme  nervou<> 
nets  ticcame  manifest  only  aftor  l!ic  appearance  ufsiyuiptoms  indicaiuig  cxophthnlniic 
goitre.  The  only  cause  which  Kcntcd  10  1>car  any  relation  to  the  onKt  of  the  diKs^e 
WS3  the  one  that  lm«  been  10  rrer)uently  o1»erved,  viz.,  childbirth.  A  ahori  lime  pre- 
Vtouvly  slie  had  suflered  frum  a  lung  and  tedious  confiJicment ,  but  her  recover^'  ha<l 
been  apparently  quitt  sat v^fac lory.  We  Mibmittol  her  to  the  iicual  mciliodi  of  ^nl- 
vanjiation  of  ihc  tympathettc  and  central  galvanization,  and  with  tome  benefit.  The 
heart's  action  bccamir  ujmeu'hat  more  Tcjalnr  and  less  frcrjucnl,  the  goitre  decrease*! 
a  little  in  %uk,  and  the  spine  became  Jets  ^ensitire. 

Inprovenicnl,  however,  ceased  at  this  point,  and  the  case  remaining  ttationary  for 
nearly  a  month  we  attempted  genera)  faradizalion. 

Wc  have  on  several  occaiioiii  pointed  out  the  fact  that  general  fflradiMtioo  (soften 
most  eflective  in  lowering  a  pvihe  that  ■»  raptrl,  as  a  re<>nliant  of  nrrvouv  excitement, 
aitd  increating  its  Urtfgth  as  well,  when  it  is  l>ulh  rapid  and  weak  through  nervous 
eahan^lion.  Thiseffecl  upon  the  pulse,  asexpericncc  shows,  and  Aselectrophyilology 
teaches,  is  most  frct^ueotly  oLiaef  ved  in  exo[)hthaliui«  ^ultie  nTief  the  use  of  the  ijal- 
vanic  current. 

In  this  case,  bovever,  after  galvaiiitation  had  ceaacd  to  be  effective,  genera]  fara> 
dilation  was  followed  by  a  still  ureaier  diminution  in  the  frequency  of  the  pulve,  by 
deL-rease  in  the  thyroid,  and  leavened  hcnMbility  along  the  Epine.  After  twenty  lire 
applications  of  general  famdiiatton,  administered  in  the  coni-te  of  two  months,  the 
meuiitemenC  of  the  neck  had  docrciKd  by  two  inches,  leaving  a  very  slight  but  hard 
eiiUrgement  in  place  of  the  larger  and  softer  tumor  that  was  prctcnt  at  the  bc^innmi; 
of  treatment.  The  frctjuency  of  the  pul.se  decreased  to  about  85  per  minute,  and  was 
not  pantcttlnrly  tutc<!ptiblc  to  sudden  lluctualiotu  under  excitement  or  exertion,  while 
she  had  gained  immenKly  in  nervous  strength  and  self*crtntrol. 


Exophthalmic  gtttre  of  /im  yetu^f  Jiamding. — Trtatmtnt  rttultt  in  iut  tltgAt 

henifit. 

Case  CLXXVUI.-  Miss  M ,  aged  aj,  was  seen  with  Dr.  E.  B.  Belden,  Oct. 

l5,  lS79.  Menstruation  began  at  the  age  of  seventeen,  but  was  Kanty  and  irregular 
for  two  years,  alter  which  for  awhile  it  appeared  normally.  At  the  age  of  twenty, 
menstruation  again  became  irregolar,  and  attended  also  with  cramps  and  conijderabie 
pain.  At  this  lime  appeared  the  Hr^  evidence^  nf  cxr^phthMmic  goitre,  and  wh^n  «e 
saw  her  two  years  subsequently,  the  three  cardinal  aymptomt  of  the  dl*caoe  >vci« 
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c)uile  pronouDced,  akhaagh  ffloileral?  in  degm  rompared  to  the  roregotti 
pilUc  avcrajcd  a'K>a[  Si  {>cr  iniiiuic.     The  eyes  were  sitgliily  protabemtit,  while  tk 
iwck  nmsurcmcnt  over  tlie  enlarged  gtami  vnu  fificca  ini:bc&     Opporttmity  "M^^ 
affotdeti  uf  seeing  this  pnticnl  l>ul  a  oumpiuatU-cIf  ibort  time,  but  to  tbc  fsw  a(>ii(k*^| 
lions  that  were  given,  Ihe  Liicurnrercnce  of  the  neck  uver  the  gland  ms  reduced  U^^ 
foanecn  aiid  Dne-.]ua[lrr  incbn. 

Tbc  pulse,  however,  beaunc  maikedly  mtxiified,  decrenunj  to  tlie  Dormal  tiiBdanlL 
72  pel  minuic. 

A*  wc  arc  recordmi;  this  ca*c.  the  patient  ajpiio  call»  at  out  office.  It  I*  now  W 
monlha  dnt.-G  tiie  treatment  wa&dUcoiitinued,  and  the  pulse  ii  fuund  to  be  71.  Ifac 
tame  as  recorded  at  ihot  time.  The  necV  meiumres  fonnecn  and  a  half  inche»,  tbow- 
inga  flight  iiicreaie  during  the  interval,  alltmngh  sinaller  tiy  one-half  of  an  indi  tlaa 
it  wat  ptevio'Uii  to  kubmitting  to  treatment. 

An  inLere«Cing,  though  not  remnrliiible  fact,  connected  with  the  cate.  li  Us  relatiH 
to  the  inenslnu]  function.  At  the  age  of  twent]',  wlicn  mcntlrnaiioH  became  'ttngt- 
iar  and  scanty,  the  diica«  Iw^an  to  manifest  itself.  Two  year*  tnbscqucnlly  Ik 
diiniiiuliuij  lu  the  guitre  and  decnraM;  in  the  fre4ueKcy  of  the  pulw  were  tiinultaACMt 
with  a  more  regular  and  altogether  [letter  [jerformance  of  mensiruatioo.  After  tba.J 
cCMalion  of  I  lie  ircntment  she  remaijied  l>ct[er  untii  a  Uiort  lime  befure  this  laittii 
to  which  wc  have  just  alluded,  when  there  wa»  a  reieniion  of  the  menses,  fullovcd  I 
some  increase  in  the  size  of  the  thyroid,  and  an  acccierated  action  uf  the  IkM. 
Through  the  administration  of  inedicirtc,  metutrnalion  wai  estabiiilied  ia  aboM  l 
week,  resulting  in  a  modification  of  the  symptoots  that  bad  been  excited. 


eon 
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Ejnpklhalmk  goitre. — Puts*  txteedlnsty  rafiiJ. — Eyrt  jHj^hlty  protn^rratU.^¥irf 
IMU,  if  any,  iemfil /fiU<ftiM  trtatmtM. 

Case  CLXXIX.— Mn.  C w«»  seen  with  0r.  Frank  Wilmnth.  of  Orutc; 

N.  j.,  Nov.  1;.  1879.  The  enlargement  of  the  thyroid  was  consideiahle^  but  tk 
cyea  were  not  at  all  aRledcd  The  pul«e  was  rapii,  beating  ordinarily  at  115  (0 
minute,  but  reaching  163  when  under  excitement. 

When  ailcep,  it  was  but  95.  The  patient  wa«  the  mother  of  two  chiUrea,*^ 
although  her  last  lat>or,  four  years  sin«-,  wai  lomcwhat  severe,  it  could  hardly  kit 
enlcred  a»  a  factor  in  the  vutisaltiin  uf  the  diiease.  Mn<c  the  first  cvidencea  of  canBit 
cliaturliancc  appe.wed  three  yean  tubsefjuently.  The  symptoms  were  coincideiil  aitk 
esliauMiim,  fidlon-ing  hanl  work  at  house  cleaning.  Tlie  patient  submitted  to  tea- 
aiderable  ircalment.  hut  her  residence  was  at  such  a  disiance  that  the  «du  »ow 
necessarily  rattier  mfrequetic  It  is  by  no  means  clear  to  our  mind,  tliat  tbc  omb* 
»ity  of  riding  so  far,  \v>\\\  before  and  afler  each  visit,  did  not  interfere  anmcwbat  wiifc 
Iheefhtncy  ol  tbc  treatment.  At  at!  cs-cnts,  no  impression  wa»  made  npoii  tk<S^ 
else,  other  than  some  slight  diminution  iu  the  rapidity  of  the  pal». 

ExephtkalmU  geitrt  in  a  laity  agtj  tkirty-faitr.-^TnUrettimg  maJiJUatUm  ^  /*< 
ftiUe-beati  hy  gahianitation. 

Casi  CLXXX.— Miss ,  URcd  34.  came  to  us  from  Dr.   Jamo  CollirO,  ol 

Weslficid,  Mass,,  with  a  goitre  of  considerable  sixe,  bnt  with  very  slight  prolsbct- 
ance  of  the  eyes.  Pulse,  112.  Menstruation  was  nonnal,  but  tbc  patknl  wtin- 
tremely  nervous  and  dcpretwd.    Her  mother  has  an  enormotif  goitre,  which  baa  bm 
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dev^pli^  for  thirty  years.  BotH  broiher  and  »t«teT  dieil  of  hasty  coiuunipllon,  and 
five  years  ago  the  patient  hcrtcif  Ii>^l  a  i^liglit  hcmorfhagc.  The  pul-c  wn^  liniml  to 
intermit  uune  ci^ht  liinirs  a  mmutc; 

We  wtw  the  palicot  but  three  weeks  when  ihe  wm  eoropdIcU  to  leave  Ihe  city, 
illhou^rli  it  is  pritpaaal  to  comliniic  Ihc  treatment  c)»ewbefe. 

UnOer  the  »Jtori  Ireatmeut  iliai  she  leceucJ,  the  piil«  lo»i  iiiinicmiitieiit  cbarae< 
ter  anil  became  entirely  re^lar.  At  the  saac  tiinc  the  patient  wu  leiiilered  mncb 
less  Dervoos. 

AsWe  from  thi*  but  little  was  accomplished.  The  case  ia,  howc\-er.  especially 
worthy  of  recortl,  liecaosc  of  the  voy  inicratting  lanpMary  rc«ll»  lliat  Iglluwed 
varioui  apiilicatioiiii. 

On  cuuniini;  the  iiuIm:  liiiring  the  firrt  galvanic  applicalioo.  no  intcrmt%*ion  was 
d«ecte^].  A  few  momentt  after  the  removal  of  the  eletirodes,  it  iniciniiiic<l  ai  kwial, 
ci(;)i(  beat*  to  (he  minute.  Tlic  same  rc&ulls  foUttvfcd  a  wcornl  applitalion,  w'th  the 
exception  that  after  llie  removal  of  the  electrodes  ilie  t"il«  began  to  imcrniil  but 
ihrte  or  four  times  a  minute,  anti  after  the  fourth  application  it  Lccam«  pcrmaiiciitly 
rhythmical.  At  one  time  duitn^  the  treatment  the  pulse  fcU  to  67  and  »o  remained 
for  mmc  time. 
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Exopkthalmk  goitre  »/  five  yearf  dMratiM—Recmttry  under  tMrrents  of  gafvt- 
nitiH,  altonately  inertatfd  anii ttititiwi;ikfd. 

Cask  CLX.XXl  — Miw  C.  H ,  aged  29.  came  to  us  Scp1eml«r,  1S79,  with  an 

eipecialiy  intcretiing  tod  iniiructive  liittory,  tince  it  illQ»trat»  how  ratying  may  be 
the  nunifc^ialians  of  a  nerTOti?^  diathesis, 

I>tuiii£  clnldhood  she  had  nuflcrcd  Jong  and  severely  from  St.  Vitas'  dance,  wlilch 
did  not  entirely  diaappear  till  ineiisiruBtiATi  wat  establi->he<i  at  the  aj^e  of  fourteen. 
Fion)  the  first  this  funcliuit  wa.«  pcrfurtned  irft^julurly  aitd  painfully  until  the  age  of 
eighteen,  when  it  Middenly  ccj«ed,  and  for  several  year*  »lic  was  afflicted  with  peri- 
odical hyKtetical  wizuTcs,  togcllicr  willi  a  more  or  less  conrlant  jetkiTi^  of  the  head, 
with  a  hcdiancy  of  utterance  and  an  occadonal  partial  loss  of  cmnciousnes*  that 
(imulaied  ottaclci  ol  hysteru  epilep<iy.  At  the  age  of  twenty-one  tnert^iruaiion  again 
appeared,  hut  irr^ularly,  and  at  the  lamc  time  her  general  health  wmewhat  im- 
proved. In  time  her  coune*  came  on  more  regMlarly  and  lew  painftitly,  but  at  the 
agcoflwcuty-fuur,  after  an  attack  <]f  mal.iriU  Tever,  meniiniatiiiti  faileil  to  reappear. 

It  was  at  thii  lime  that  *he  Ijcgan  10  lie  anno^etl  by  an  ex«^i«  palpitation  of  the 
heart  following  exeTlion,  and  very  scion  lier  nlleniion  wa^  called  to  a  decided  enlarge* 
men!  of  the  thyroid.  This  eolargemet);  gradually  increi««d,  and  when  we  >aw  lier, 
about  tfyear  subsei^uently,  it  was  very  large,  wfV,  and  pulsating  The  mcaiurement 
around  the  neck  over  the  tumor  was  sixieen  an<l  one  (juarler  inches. 

The  pulse  beat  at  the  rate  of  no  per  minute— while  the  exophthalmus  was  very 
treat, 

A^er  the  patient  had  been  mbjected  for  a  «hort  time  to  the  umal  external  treat- 
ment by  the  galvanic  current,  but  without  any  s|>eci.il  reference  in  its  direction  to  the 
mcnotrtial  function,  the  courses  appeared  klighily  for  a  day  and  tlien  ceased.  On  ex-, 
•mining  the  pulse,  however,  it  was  fuund  that  it  had  decreased  in  frequency  to  some* 
wliat  less  than  loo. 

Tlw  same  laetUod  was  re[>eated  for  aome  tliiee  weelu  longer,  when  we  bad  the 
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plaunre  of  showing  ibe  csm  to  Dr.  P.  1).  Poiter.  At  tliU  lime  th«  polH  <nt 
•boat  90,  and  the  tumor  hod  dKteased  but  a^iont  an  inch.  The  cRO])htluliina  l»d 
been  only  !>Jj(;iitly  influciii:cil. 

Ueci'ling  to  change  the  method  of  treatment,  ««  placed  ooe  electrode  (ihe  anode) 
direvUy  beliinO  the  angle  o(  the  lower  jaw,  prening  back  the  stcrno-cleido  tnude% 
and  (he  other  on  the  back  of  the  neck,  a  Utile  to  one  lide  of  ibc  uuh  centical  lene- 
bra.  Jiislead,  now,  oftreatinif  by  meaoa  of  an  even  continuous  curiciit,  we  lnoughl 
into  the  circuit  a  simple  water  rbeastac,  and  by  this  means,  wmewhat  rapidly  Inl 
without  sitock,  increased  and  decieated  the  ttrcngth  of  the  cuirent  ibrougli  a  «cMue 
of  not  more  than  two  or  three  minutes'  duration.  The  malts  of  (his  methnJ  ol 
treatment  were  toon  maDilestcd  in  a  fuilber  reduction  of  the  ptdK,  and  a  i^adnal 
diminution  in  the  severity  of  the  other  symptonu,  until  after  some  iweBtv-fitc  -tt 
these  applications  recovery  seemed  complete.  The  pulse  was  75 ;  the  eyes  rcninwl 
their  nncural  poMtiuii  and  appearance,  whde  the  neck— allhou|;h  somewhat  fuller  than 
normal — mca&uicd  but  tfaiitcen  and  three  (juaricr  inches,  a  decrease  of  two  anil  a 
half  inches. 

While  it  is  qtiitc  evident  that  in  tliis  disease  the  sjinpaihetic  is  at 
fault,  it  h  open  to  question  whether  the  dilatation  of  vessels,  nbich  ace 
stich  important  factors  in  causing  the  thyroid  enlargement  and  exoph< 
thahnits,  Is  of  a  passive  nature,  due  to  paralysis  of  the  synipatheiic,  or 
of  an  active  nature,  due,  on  the  contmry,  to  an  irritation  uf  the  diUior 
fibres  which  run  in  the  sympathetic*  Accepting  either  theory,  »e 
find  ample  ground  upon  which  to  base  indications  for  the  use  of  the 
galvanic  current.  In  case  we  accept  the  initani  theory,  the  very 
powerful  3cdativc  effects  which  may  be  obtained  IVotn  the  remedy  is  a 
sufficient  explanation  of  the  raiionale  of  its  use  ;  while  lUe  fact  that  both 
physiological  investigation  and  clinical  exiKirience  has  shown  that  elec- 
tricity is  the  remedy /tfr  exceUence  for  most  forms  of  pamlysis.  iiuiie 
clearly  points  to  its  use  in  cases  where  there  is  actual  (»aresis  of  the  nerve 
itself.  In  addition  to  the  hyperamia  of  vessels  as  a  cause  of  exoph- 
thalinus,  there  cnay  be  also  accumulations  of  fat  in  the  cellular  iisviics 
of  the  orbit,  which  is  probably  the  main  cause  in  certain  casct  why  the 
jirotrusion  of  the  eyes  stitl  remain  prominent  after  a  decided  ameliora- 
tion of  every  other  symptom. 

•  The  *uggeii!oii  that  the  aTieital  dilatation  !i  due  lo  Irritittoa  of  the  dilaioi 
fibiCA  \s  iifTercd  by  Benedict,  bated  upon  Uic  expetixnenu  of  Bemud,  SchiS,  Luduif, 
and  Loven. 
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SKQVKLM   OP  ACUTE   DISEASES    {DIPHTHERIA — CEkEBRO  SPINAL   MENIN 
GITIS — TVPIIO-MAI^RIAL  KKVER). 

Tii£  se<iuel:e  ofseverzl  acute  inflaiiiinator)'  diseases  and  especially 
of  diphlhcjia  »iid  cercbro-spinal  ineningiiis,  are  of  well  known  scvcniy 
and  iJcrsistcncy.  It  is  generally  tinderslood  alao  iliat  elecirlciiy  in  some 
form  may  perhaps  be  indicted  in  such  cutuliiians,  purlicularly  in 
diphtheria,  and  iis  use,  wtiidi  is  occasionally  attempted,  has  been  fol- 
lowed by  more  or  less  benefit.  Wc  arc  i|nite  sure,  however,  that  the 
profession  at  large,  in  city  as  well  as  cnuiitry,  has  a  very  inadequate 
idea  of  the  vast  benefit  accruing  from  the  use  of  this  remedy  in  these 
cases.  Frequent  imiuiiies  in  regard  to  experience  in  ihiN  direction, 
and  the  lack  of  published  clinical  reports,  would  seem  to  justify  this 
opinion,  and  suggest  the  propriety  uf  detailing  a  few  of  the  more  unitiue 
and  interesting  histories  that  we  have  collected. 

Diphtheria. — Our  first  experience  in  the  treatment  of  the  sequcliC 
of  di|)htheria  by  electricity  dates  back  some  ten  years,  when  we  were 
called  by  Dr.  James  Anderson  to  see  an  obstinate  case  of  paralysis  of 
the  vocal  chords  and  the  lar^'ngcal  muscles. 

The  syiiiptunis  yicldird  readily  to  Ireatiiicnt,  and  to  the  present  liinc 
wc  have  treated  twenty-four  cases  of  diphtheritic  paralysis,  am!  with 
the  exception  of  two,  which  discontinued  treatment  almost  as  soon  as 
begun,  the  results  in  each  were  loo  striking  to  |>ermic  of  any  doubt  as 
to  the  efficacy  of  the  remedy. 

Of  the  twenty-lwo  remaining  cases,  many  of  which  were  of  great 
persistency  and  severity,  nine  were  sent  to  us  at  different  times  through 
the  kiniliiess  of  Drs.  Markce.  McLean,  Farrington,  and  dit-  l.ne  Drs. 
Peaslee  Mid  Gregory. 

Of  the  rcnviining  thirteen,  a  few  had  been  treated  electrically,  but, 
as  a  rule,  with  little  regularity  or  intclligencef  while  several  others  first 
had  their  attention  called  to  electricity  as  a  remedy  for  their  condition 
by  laynicii,  and  so  fell  into  our  hands.  One  of  the  most  interesting 
and  instructive  cases  that  we  have  seen  oct,tirred  in  the  person  of  a 
practicing  physician  of  this  city,  who  had  also  been  under  the  obser- 
vation of  Professor  Looniis,  Dr.  A.  N.  Brockway,  and  several  others. 
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The  doctor  has  kindly  wriiten  out  the  details  of  his  own  case,  substaa* 
tially  as  here  given. 

CtrJiae  JiffieuUy,  with  partial  parafytii  9/  Ihrtt  mpntkt^  stattding,  foilwimg  4if<k 
tkeria.  — Kafid  reiavery  under  gttteral faraditation. 

CaskCLXXXII.  — Three  weeks  afiei  the  ilLiap|ieaiiuiLe  of  tlie  iliiihiKeriik  juEc-tict, 
|Mirtlyuiof  the  pharyni;^)  and  laryu);«l  inuM.lc4  began  to  >huiv  ilNell,  accQin|anicJ 
by  absolute  Iqm  of  bcnsitiilily  uf  the  velum  pciiiluluiii  |viUii.  In  CTiu>e]neiice,  the 
eflbit  of  swollowint;  wnv  exceedingly  dilTiQult,  and  rcgurgitatioQ  thiougfa  tbe  Dua 
wa&  unavoidable  In  ihe  act  of  drinkiii);.  The  voice  was  Altered,  bccominc  wvak  tii4 
iroarter  in  lone.     Mii^icaL  notes  were  impoksiljlc. 

At  the  Mine  lime,  and,  indeed,  from  iIk  tmih  day  of  tlie  ftcate  attack,  canliu 
iliilicully,  wa^  indicateJ  by  a  very  feeble,  soft,  dow  pubve,  averaging  ilaty  per  tniniilfc 

On  one  occaMon,  lliree  weeks  after  the  H>ren«ss  of  the  ihioat  hail  anlrcljr  disfk 
peareil,  and  irnmeUiatety  rollDwing  special  cxertiuB,  lite  pulse  rpickly  row  m  lfM>, 
and  a«  tuddenly  fell  tu  32  per  minute,  rc^tdiing  in  an  attack  of  angina  jtectoru  whick 
per<>iMe(l  for  nearly  three  Xtawn,  Thb  sudden  Auctuaiion  oT  the  pulw  wai  mm 
alarming,  and  caused  a(»|]rdiciii4iin  of  immediate  diMoIulioQ.  I'or  over  au  bam  tbr 
pulse  lemainvd  at  33,  when  11  gradually  incrcAKd  until  ii  rescbed  58,  where  il  re- 
mained. 

Four  weeks  afler  convalcsceucc  from  the  patches,  ciliary  paralysis  ajipcaml.  wtint 
painful  faiicuc  was  esperienced  in  reatlinj;,  etc.  Vision  corrected  by  +3S  gUaM 
spherical ;  at  the  >a:ne  lime  the  fingcn>  became  aniesthctic,  wilb  tingling,  and  inabil- 
ity to  pick  np  small  ubjccl^i,  or  Id  liuiion  cluihing,  etc 

The  [wrlial  |»ralysU  extended  lo  the  arni»,  and  finally  the  leg*  were  similarly  af- 
fected, becoming  heavy,  coltl,  and  painfut  to  the  touch.  Marked  ioailino  gf  the 
bonrels  continued  throughout  the  caw;  niictariiion  wa*  not  inlcrfcred  with,  Uil 
ihere  win  great  numlmc^i  and  increased  Mn^iliiliiy  uf  the  cAicrnal  organs  Fur  tfcrw 
looiilhi  these  symptoms  persisted  without  abatement,  and  were  invariably  uutcoioI 
by  the  <ili';hie«i  exercise. 

The  br&l  two  or  three  weeks  of  general  faradization  failed  to  produce  tay  mvbci 
change,  simply  giving  for  a  few  hours  a  very  agreeable  teiiw  of  re>t. 

This  waitatlrilniieil  entirely  tu  the  Tact  that  the  patient  exerted  bimMlf  loo  ffocfc 
to  receive  the  treatment,  a«  he  wot  compelled  lo  ride  icveral  miles  lo  onroSkv. 

As  soon  CL»  the  apparatus  was  transferrni  to  his  own  bouse  and  tbe  tnealtiKital' 
ministered  there,  iin|irovcinent  began  iminc^Hately,  and  progressed  with  great  njid- 
ity,  Vi  thai  by  the  sivtecnih  week  of  the  sc|udie  of  the  dtkcasc,  all  p\nlyiK 
ea  ept,  perhaps  the  Lirdiac,  had  disappeared.  Vitjon  becnine  ettiircly  bhimI 
b;fure  the  anx^lhcsia  and  paralysis  of  the  lunbs  Iml  dtMip|ieared.  Piw^ceitw 
iwiiching*  of  the  muicles  of  the  thorax  and  abdomen  pre»i»i«l  for  several  mowK 
md  slight  cardiac  fecbleneB  remained  for  «)me  liltccn  months  1'be  pnnpcii  (k«i 
tbe  patient  could  again  engage  in  labor  within  any  reasonable  period  had  been  «*' 
sidered  exceedingly  tmfavorahle.  A  very  few  weeks  of  ttealmroi  by  geaetal  &i«B' 
cation,  rendered  blm  eauly  «]iial  lo  tlie  details  of  ad  active  practice. 

Dr.  Dahlcrup  describes  a  case  of  cardiac  paralj'sis  occtnring  in  a  lid 
who  wus  rccovcriog  from  a  dipbtli critic  attack. 
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The  action  of  the  heart  became  very  rapid,  but  irregular  and  wcalc. 
Dyspnoea  was  present,  together  with  cyanosis  and  oithopno^o,  but  tlie 
area  of  cardiac  dtittiess  was  not  increased.*  Some  iiiiprovcmcnt  To!- 
lowed  the  administration  of  stiinulaius  combined  with  tligitalis,  but  at 
the  end  of  a  week  the  |>aticnt  collapsed  and  died.  Ahlioiigh  the  case 
was  said  to  be  one  of  progrctsivt  diphtheritic  paratysis  of  the  heart,  11 
is  not  difVicuh  to  believe  that  the  prompt  and  proper  use  of  electricity 
might  po&sjbly  liavc  saved  life. 

CerttroSpinal  Meningitis. — The  symptoms  tliat  foliow  an  attack  of 
cerebro  s|)inal  meningitis,  differ  very  widely  both  in  character  and 
gravity.  We  may  have  first,  Inciirabte  organic  changes  resulting  on  die 
one  hand  in  total  blindness  and  entire  loss  of  hearing,  and  011  the  other, 
in  a  condition  well  illustrated  by  the  following  case  which  we  saw  for 
Dr.  Kousa  some  years  since. 

J*ro^^U  organic  ekanges  /al/moittg  eerfbro-tptfut  menlHgitit.  — Jfe  benefit. 

Cask  CLXXXIII.— In  July  the  patient  wa*  atlatked  by  acute  ctrcbro-spiiial 
meain^tik  Afler  convaLeK:cncc  tie  gradually  regained  a  fair  degree  cf  physical 
vigor,  but  was  left  witli  a  peimaneat  impairment  of  ccruin  phases  or  innervalion. 
lit  eonvcrvitiori  and  in  aclion  he  was  perfectly  rational,  and  hii  sJcep  was  undU- 
turbcd,  l)Ul  duriiig  hit  w^kinif  hourt  there  wot  cvci  prueni  a  wnu  of  v.ii:aiuy ;  "  vait 
ami /armUir  "  ultAi  troubled  him  ;  there  was  tn  him  an  unceality  In  all  hi«  turroiitui- 
inga,  lie  dcicriljeil  a  vibiatinj;  ^1iack  which  wuuld  at  tntervaU  wcin  to  ivis\  iliruu^h 
him,  leivin;;  an  impressian  that  seeiiicd  like  "  tieruity*'' 

The  krt  pupil  wasdJUletl  atiJ  iabUMreplible  to  lif>lit  or  other  irritfttioo.  This 
patient  iccciveJ  benefit  froa)  no  form  of  ireaitnent.  Time  ha»  failcil  to  do  anything 
fur  hioi;  lu-day  he  is  much  the  Mine  as  he  wa3>  fifteen  )-cat»>  a^. 

The  pathological  changes  in  cases  such  as  the  abovr  cannot  of 
course  be  positively  stated,  but  it  is  probable  that  they  are  analogous 
to  what  have  been  observed  in  certain  cases  of  chronic  basilar  menm- 
gitis,  viz.,  cicatricial  changes,  together  with  induiaiion  of  the  connective 
tissue. 

Another  train  of  symptoms  following  cercbro' spinal  meningitis,  more 
(rcquent  and,  fortunately,  far  more  amenable  to  treatment,  has  occa- 
sionally  fallen  under  our  observation.  The  symptoms  in  all  were  quite 
tiniforni  in  chariicter,  and  we  present  ihc  following  as  a  type  of  the 
rest. 

Aggravated  tymptemt  firrtittiitg  /vr  two  and  om4-hal/  ytan  after  an  attack  of 

etrehr^tpinal  mtuingltit. — Recovery  tinder  ecmtral  gahiaMisatifiH. 

Case  CLXXXIV.— On  May  20,  1872,  Mrs  A ,  aged  ^z,  was  proiiraled  by 

*  Ufitbh  Mcdiuil  Jaurnal,  September  37,  1S79. 
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KB  atlAck  of  cerLbrO' spinal  meningitis.     Tt  mt^t  be  ioterestin|[  to  detail  Its  KQta 
coarse,  but  for  our  purpose  it  will  tuHke  lo  uy  that  the  csisc  wm  ekceptional  in  itsi 
dursiion  and  leverity.     For  six  moDttn  >he  wr&s  confined  to  her  bed,  wAcring 
almost  every  cuiKeivable  »jrm])iuin  aundstcd  with  tlit»  dueaw.     Sbe  was  at  &ri 
under  humreopathlc  treatrnent,  tint  sutnec^tienily  came  tuidee  the  ore  of  Dr.  A.  S,j 
Ilcalli,  of  tliu  city,  wiiu  attended  her  up  lo  the  time  oar  advice  wax  wught,  Api 
t<\  1375.     Two  year*  and  a  half  had  eUpf«d  aact  tbe  moic  acute  ttagc  of  the  dl^j 
tMc  had  EuEiuded,  during  which  time  the  had  tabmiiled  to  variutx^  forma  of  treat' 
ment  thit  were  apparently  wt>'C  and  judicious,  without  the  least  improvcniCRC,  onl 
until  the  ordinary  laethoda  seemed  cxliau^icd.     She  was  able  to  be  atwat  her  home 
and  occaMuiially  went  oat,  but  die  sulTcred  without  cewalion  from  «evctv  pain, 
which,  bfi^nnin^  in  the  eyes,  was  most  pronounced  over  the  back  of  the  head  aad 
neck,  uid  cxlcmled  Co  the  lower  cervical  vcrtelira;.    The  paiiifiU  inutcidar  MbTnewoJ 
the  neck,  from  which  she  had  differed  ro  terribly  dining  the  acute  attack  nearly  thna 
ycarapreviouily,  bad  never  left  her  and  was  a  iMn&taiit  cjuue  of  duUca*.    Nopvtimc 
was  endurable  except  when  tbe  licad  wai  thrown  back,  while,  during  nccatioMl 
paroxy&ms  of  more  than  ordinary  severity,  these  nuscutor contract ioiii  would  becatM 
convulsive.     Th«c  nymplom*,  lo^thcr  with  others,  and  especially  with  a  dirtinic 
liriiation  of  itie   intestinal   tract   friim  the  mouth   to  the  anus,  tncafjociiaicd  tbe 
patient  for  all  enjoyment  and  the  ordinary  dutle*  of  her  «ation.    For  the  sjnptomt 
more  directly  due  to  the  meningitis,  we  submitted  the  pnlicnl  10  cciitial  ealruuu- 
tiotv;  as  a  general  tonic,  and  for  the  relief  of  licr  digestive  didicoltle*  due  10  into- 
tlnal  irrltaliun  we  employnt  general  firadiulion.     Up  lo  June  25,  1S75,  a  period 
of  ten  weeks  t<f(y  nppliciitiuns  wcie  adminiMered.     Under  this  licalntcnl  alooe  \ht 
patient  steadily  improved,  nnd  when  sJie  left  the  city  for  tbe  sttmnieT  moaihtihemh 
[o  a  great  extent,  relieved  of  the  must  ditlreuing  aymptomi.     Upon  ber  mm 
treatment  was  resumed  unul  complete  recovery      We  say  complete  recovwy.    Tlii 
statement  should  peilmps  Ike  modified.     At  this  dale  she  fccU  an  vccasiiuoal  odna^, 
and  a  »lit;b[  diawin^  sensation  al  the  back  of  ihe  head  after  nucb  fatigue,  Im  B 
^neral  she  has  all  along  enjoyed  a  fair  degree  of  health. 

In  diis  connection  wc  may  be  pcnniited  to  call  attention  to  the  bci. 
that  sudden  hlovrs  and  shocks  may  in  certain  ca.ses  result  iii  obilirttic 
circulatory  derangemenis  of  the  cerebro-sjiinal  tract,  a-isociatcd  widi 
symptoms  analogous  to  those  follotving  cerebro  spinal  lueniagitis. 

The  above  statement  was  very  strikingly  iilusii^tcd  in  the  person  o( 
a  lady  sent  lo  us  a  few  years  unce  by  Dr.  J.  Ellis  Blake 

Case  CLXXXV.— Some  five  year*  before  she  hod  fallen  upon  the  socrwiv— tk* 
tmnicdialc  effects  of  which  were  severe  pain,  nausea,  and  iJight  ihoEcm-  jMiialjii*  ni  \i* 
entremi'ies,  Recovery  seemed  complete  In  a  few  week:*,  but  shortly  afier,  on  i«l'"(; 
a  Mveie  cold,  the  same  symptoms  returned,  and  then,  with  the  excq^tton  •4'  US' 
■light  traces,  gradually  dis.ipi>eared.  Two  years  before  we  aaw  Iwr  «he  fell  !£*•. 
striKii)};  on  the  hip  with  nxn-h  frtrce  ax  lo  cau»e  an  aggravalioo  of  all  the  rymf'** 
liefore  eiperienced,  iitgetlicr  with  a  )>cci]liar  jictversion  of  viuon.  All  Jl^r'  o'^k** 
appeared  rt-f,  and  it  was  some  time  ti^fore  Mght  t>ecanie  natural  in  tltb  rc^icA  T" 
a  tune  ahe  sulTcrcd  frum  excetslve  hyper»tbetia,  which,  on  subsLdtof*,  wia  Mkt**4 
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J- by  cephalalgia.     The  p&tn  was  E])ccially  localiMd  ovct  the  muslcrid  proMSses,  back  of 
iUc  bead  and  nccfc,  witli  frequent  extension  along  the  entire  length  of  the  xpinAl  cord. 
The  patient  caciicti  her  licaJ  at  all  limes  »Ji^lilly  thrown  lujjt,  and  iu  attempting 
lo  throw  it  forward  coniplaineil,  as  tlo  pattcat&  sutTerini'  from  the  seciucix  of  cc^ebro* 
afiinal  nientiii;itH. 

^S)K!  wiRerel  much  from  inKinnia,  and  vra*  capable  df  Ixit  Utile  exenion.  From 
June  II  to  AugBst  I,  1S77.  the  palicat  was  tuLijectcd  lo  central  galvanization,  re- 
eeiviiig  ill  thi»  time  thirty-ievcn  ap|il)i:alion«.  wbich  to  a  great  de;;Tec  dissipated  titc 
more  pro  mine » I  symptom.'*  from  wlitch  she  had  suffcrH  for  years.  In  ibe  spring  of 
1879  ».he  vomplaincLl  uf  marlted  eviden«i  of  a  relmti  of  the  olil  ftymploius.  The 
\amc  mcihod  nf  treatment  wai  employed  as  before,  resulting,  iu  Icst  than  three 
weeks,  in  conpletc  rdlef. 


I 


Typhff-MijJarial  Fever. — ^VVtieii  we  corae  to  consider  the  scqiicUc  of 
either  tyiihcKl  or  tiialarial  fevers,  we  shall  not,  as  &.  iitle,  And  the  same 
gravity  or  diversity  of  synii'ioms  that  often  confront  us  subsequent  to 
the  acute  stages  of  diphtheti»  and  cerebro-spicial  [oeningitts. 

Convalescence  is,  however,  occasionally  very  tedious,  and  we  have 
recorded  not  a  few  such  cases  where  the  Ionic  effects  of  general  fara- 
dization, in  hastening  returning  strength,  were  most  distinctly  marked. 
The  symptoms  that  followed  Hie  subsidence  of  the  fever,  in  the  case 
here  given,  were  not  only  serious  and  obstinate  in  character,  but  so 
entirely  uniqoe,  that  they  seem  to  us  to  be  well  worthy  of  record. 


Case  CLX?CXVI.— Mr.  S ,  aged  23,  was  taken  ill  in  Jiin«,  1S79,  by  on  acute 

attack  of  dysentery,  followed  by  lyjiha-malaria)  fever.  In  iix  weeks  the  fever  pawed 
away,  leavinij  the  pvlieul  <iuac  liclpic**,  Willi  returning  &tren^Eh  lie  was  al^le  lo 
leave  his  bed  and  go  into  the  comitry,  in  the  hope  that  there  the  cnnvalc«cencc  would 
be  mote  raj^d.  He  gatiial  very  little  iu  poucr  over  ihc  movements  of  the  limbs  and 
body,  and  when  we  taw  him  the  following  Septcmlwr,  through  the  kindncv*  of  hit 
phyMcian,  l>r.  J.  O.  Farringion,  of  Harlem,  the  phenomena  present  were  both 
unique  and  grave. 

ll  may,  perhaps,  convey  a  fair  idea  of  the  general  appearance,  lo  itay  tliat  the 
who3e  body  was  thoroughly  fctiff.  The  legs  from  the  hips  down,  couid  be  moved  only 
with  ditKculty.  The  aim*  could  be  raised  from  the  side*  but  a  llitle  way.  The  bend 
and  neck  were  almost  motionless  upon  ihe  shoulders.  Tlie  right  shoulder  could  be 
moved  itlightly  up  and  down ;  the  Icf^  not  at  atl.  Dcgliiiition  was  so  much  imjiAfred 
(list  solid  food  could  not  be  taken  with  comfort  or  safety. 

There  was  much  wasting  of  the  muscular  tissue,  but  this  was  most  apparent  in  the 
light  thigh,  which  had  decreased  lever^l  inches  in  circumtctencc,  and  in  ibc  posterior 
portion  of  the  neck  on  either  side,  where  the  trapeiius  muscles  immediately  below 
their  occipital  01  igtu  hLul  atiupliied  Co  aii  alarming  extent.  It  was  found,  on  submit- 
ting the  patient  to  an  electrical  examination,  Ihat  the  f^Tado- muscular  contraL-illiiy 
of  every  niperlicial  muscle,  with  tlic  ex^^cplion  uf  the  abdominal,  uns  very  greatly 
impaired.  The  right  trapezius  contracted  slightly  to  a  powerful  coiTcnt,  but  the  left 
trapettus  failed  to  renct  to  any  stimulus.     The  sterno-cleido-mastoid  muscles,  which 
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ire  nornulty  lo  susceptible,  eontraclH  only  tintlcr  the  Influenw  of  a  very 
currcttt.     There  were  no  t«nfjry  or  other  syinpioin«  |>teteni  oijcciilly  ntgsestiTC 
urioua  central  ilLieoae,  but  a  iiren^ti  of  current  oi<)inatlly  unenilnral>le  cunkl  he 
applied  to  the  LkicIc  af  tlie  neck  wilbuut  producing  any  bcnsalioii  whatever.     IjkA- 
lire)  raracltKation  or  gnlvaniui ion  in  acaw  mch  xi  llii!i,  where  almou  cvay  miMJt 
was  involved,  wouk)  have  been  nianirestly  iiDpraclicalilc. 

Tlie  ttse  called  for  an  imprvtMon  more  general  aitd  powerful  tlmn  caii  [wMatl>)y  it 
olit^Qcd  from  mere  localisation  nf  currents.  OeneraJ  (arailtuiiun  was  ihetvfafC 
attempted,  and  with  resnils  that  confirm  the  abundant  te*limwiy  Ihai  ba«  aimily  bce« 
j-ivcn  ol  it«  remarkable  efficacy, 

Theaffcttcd  mu'K.-lcs  I'cvctuped  with  ntfoniabuig  rapidity.     Deglutition  itnpnn«d 
[mtncd lately,  and  mjou  became  Tiatural.     After  a  few  ap|)1ications  rclnminc;  >ni 
biltly  and  contractility  to  the  influence  o(  the  current  b<canie  manifest.     Im()f{>' 
nient  lapidly  went  on  until  all  atrophy  linving  draappeaied,  and  the  bead,  nc<;k, 
limbi  bc^onim|>  ijuite  Hcxibic,  the  palient  was  able  lo  remou  ao  active  and  Ubori 
niercantilc  [wation. 


pnnod 
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Although  the  differential  indications  for  the  use  of  the  two  ciirrentt 
in  the  seqticlic  of  the  dtsea^s  titider  conbideralion  have  been  inx'-e^ 
more  or  less  apparent  In  the  preceding  illustrstivc  cases,  it  may  be  »vDfl 
lo  concisely  rormutate  ttieiii  as  follows  : 

1st.  I''or  the  reHef  of  the  various  paralytic  symptoms  that  foUo»  > 
diphtheria,  whether  cardiac  or  of  the  voluntary  muscles,  the  faradic  ca^?^| 
rent  is  almost  altvays,  if  not  invariably  intlicated. 

zd.  The  galvanic  current  here  in  not  only  less  ciTective  that)  the 
jaraclic.  but  is  frequently  useless,  and  occasionally  hannful.  fl 

3d.  While  iocaliicii  faradiz-attou  miy  prove  stifTicienl  in  cases  wbert  ^ 
the  sym|)toms  are  niild  and  rcsincied  in  extent,  general  faradizailoii 
shuiiUl  be  used  tvhcre  the  paralysis  is  more  general  and  constilutiooil 
symptoms  arc  manifest. 

4lh.  In  the  treatment  of  the  sequela  of  cerebro-spinal  mcnln|in 
the  galvanic  current,  and  generally  by  the  method  of  central  galvanii* 
tion,  is  indicated. 

5th.  For  these  and  analogous  symptoms  relating  to  the  central  nisv* 
oufl  system,  ihc  fruc  constant  current,  or,  in  other  wortls,  of  so-CjllnJ 
bw  tension  and  increased  quantity,  are  prefeiable  to  the  ordinary  con- 
tinuous current  of  higher  tension. 

Seqmla  0/  Sunstroke. — During  reasons  of  protracted  and  excei»« 

heat,  such  as  have  been  notably  cxp-.-ncnced  during  the  past  few  «i.'i*- 
mers,  a  very  large  niiuiber  of  p-rsons,  especially  in  our  cities,  ate  mw* 
or  less  injured,  either  by  the  general  depressing  influence  of  the  con- 
tinued high  temperature,  or  by  some  special  exposure,  without  being,  » 
tJie  ordinary  sense  of  the  word,  sunstruik.    Those  whose  nervous  system 


been  exhausted  or  disordered  by  ilie  excessive  use  of  stimulants 
liaicoucs.  by  debilitating  diseases,  ami  csiiecially  by  overlabor  or 
excit«tnent  of  ilic  brain,  are  most  liable  to  be  thus  afTectcd- 

Injuries  thus  prudiiced  may  be  manifested  by  every  variety  of  ner 
vous  disorder — 5|jinal  irritation,  iiisomnia,  ncura:>thcnia,  neuralgia,  G\n- 
\e\ny,  nervous  dyspepsia,  liy^teriif  paralysis,  ami,  not  unlikely,  positive 
insanity. 

The  majority  of  such  cases  never  know  the  exciting  cause  of  their 
sym|itOins  until,  perhaps,  it  is  indicated  to  lliesn  by  the  physician  whi 
inquires  into  them.  In  a  rumber  of  cases  tliat  liave  been  under  out 
care  for  the  above  syrnL)tonis  the  solar  heal  was  x  pruiuineitt  if  not  a 
principal  cause. 

The  symptoms  may  appear  and  reappear  for  months  and  years  after 
the  original  attack.  There  is  Utile  duubt  that  there  aic  through  society 
thousands  of  such  cases  of  various  grades,  many  of  whom  have  never 
susiH;ctcd  the  nature  of  their  malady.  The  solar  origin  of  the  synip- 
tonis  which  we  have  mentioned  may  be  suspected  not  only  when,  as  ti 
very  fretpienlly  the  case,  they  can  be  traced  to  Mime  definite  exposjirc, 
but  also  when  they  arc  observed  to  be  peculiar  to  the  summer,  remii- 
tui;^  wholly  or  partially  in  winter,  or  to  bi;  especially  aggravated  by 
exposure  to  the  sun,  and  to  be  ocpcrienccd  only  during  the  daytime. 

Our  best  results  with  etectriciiy  have  been  obtained  in  these  case* 
by  a  combination  of  the  two  sneihods  of  electrization,  gerieral  faradiza- 
tion and  central  galvanization,  varied  in  some  cases  by  gatvanizatioir 
of  the  pneumogastric  and  cervical  sympathetic.  Excepting  those  cases 
which,  by  some  pecntiaritv  of  temperament,  or  as  a  peculiar  result  of 
the  disease,  cannot  bear  electricity,  the  electrical  treatment  works  ad- 
mirably, whether  usetl  alone  or  in  conntKzlinn  with  internal  medicatitm. 
Arsenic  we  give  in  the  form  of  pramdes,  ^„  of  a  grain  each,  before 
meals.  We  use  also  zinc  in  the  form  of  oxiile  or  ^iliosphide,  and  fat 
in  the  forai  of  cod-liver  oil  cmnUlon. 


P.trt'at  fittrafytis — Pkytieat  amj  mtntnl  tifprtnifn—Tkt  tf^uettt  of  ntmxtreie— 

KapiJ  rt«>vtry  unJer  general /arifiniition  and ctntral  galvaniiatwi*. 

Cask  CLXXXVII.— Mr.  W.,  age  1  55,  eonsuUcd  ua  ihrotigh  IV.  A.  G.  fimlih. 
Th«  patient  was  connected  with  one  of  the  promlDciit  fif  nis  (or  the  nianufacCuring  of 
sates  in  this  city;  ah  J  while  in  a  western  ciiy,  endeavoriog  lo  ncjcotiaic  certain  sales,  he 
wu  suddenly  overcnken  with  faintnev,  prorooiiid  rert^;n,  arii]  alinoM  compleie  nncon- 
Kiousncst.  Till?  atiach  occarred  on  an  opprewive  Joly  day,  »ome  Tour  mnnihs  prior 
to  hi*  visit  to ii«,  ami  ewer  since  he  lial  l»eeii  in  nn  eKceedingly  nervous, eicdiable  con- 
dition. Any  considerable  excrciw;  in  waDcin^  ivai  invnrialil^  fnllowcd  by  iinusutl 
Utipte,  and  bs  was  not  only  iiicapacitale<l  fruin  eiigaijiiig  in  any  bu&Liicts  eaierprie^, 
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'Iwt  oil  tttempl  U>  Kid  even  the  morning  px^xr  remtted  in  nwntal  duqoietnde  ni 
rtal  extuuvliun.  Tliere  was  a  detlJeo  loss  of  power  in  l>oih  lower  exttemiiie*,  mm- 
cbml  M-itb  a  cotuiderablc  dcjjrcc  uf  an;cs[)vcsi3.  Wc  ^ubmuied  lum,  on  tcrml 
diflicrent  occovions,  and  at  inlervaJfl  of  a  day,  lojjeQeral  fftiadiuiiaa,  with  the  (ftd 
of  improving  greatly  hi«  motor  |>awer  and  of  dissipaiing  nil  nuinbnc-v  Aftera  Ubi 
wnlnJ  galvatitiAtion  wiu  alternated  with  the  ftbuve  treatiticnt,  and  in  the  courw  «f 
six  weeks  the  patient  hml  so  far  impruved  [a  his  other  symptoms u  to  be  fully  aUcu 
again  engage  actively  in  busineu. 

In  the  following  case  the  iicculiar  susceptibility  to  stimuli  caused  by 

sunstroke  was  strikingly  illti^trated : 

CaseCLXXXVIII.— Mr.  W.,  a  genUeman  about  35  years  of  age,  wasrefarrf 
to  ns  October  16th,  by  Dr.  Uraytoii  Uall.  While  aM:eudiii(;  u  muuntiiiii  duhag  lUl 
summer  vacatioti,  be  was  overcome  by  Ibeexceaatve  heat,  lie  was  not  uncoosdooi^ 
sad  after  a  shore  rest  he  resumed  his  walk.     The  thermometer  ai  the  tine  was  abon 

Thc  attack  left  him  with  a  feeling  of  sensitivcneti  ia  the  head,  which,  Inaead  oi 
diminishing,  had  Increased  niilil  the  lime  (hat  he  called  iqKia  us.  Ouiiug  several 
weeks,  at  intervali  uf  a  few  days,  he  had  Bcreial  attacks  of  lost  of  roo4or  power. 

A  prominent  feature  of  hi;  case  was  his  exceeding  sascepiibiliiy  to  stinuli.  A  Ica- 
tpoonfnlof  wine  or  a  whiff  of  a  cigar  caiisei  him  to  fed  wretchedly. 

\Vc  fonnd  him  on  trial  smilarly  sensitive  to  electricity.  Mild  faradiiatioa  or  gal* 
Tanization  caused  a  heightening  of  the  evil  symptoms,  and  the  ctccirical  Iteatmot 
was  abandoned.  Subse<|ueni1y  the  patient  was  rapitlly  benefited  by  a  short  trip  10 
the  &ca.<adi^  The  &rit  breath  of  the  oceaa  air  seened  lo  act  od  bitu  vilb  the  (ana 
»f  a  specific. 


InUrmitUnt  Ftver. — According  to  Tripier  ♦  and  others  since,  the 
electric  bath  and  statical  electricity  have  been  used  in  certain  cases 
of  intermittent  fever,  both  in  Englanil  anil  Sweden,  and  occasionally 
with  satisfactor)'  results.  The  efficacy  of  the  preparation  of  <iuinlne 
in  malarial  disease  has,  however,  destroyed  most  of  the  interest  that 
might  otherwise  have  attached  to  electricity  in  its  therapeutic  rela- 
tion to  feveis. 

In  certain  chronic  conditions  of  inteniiiitent  fever,  where  quinine 
and  other  internal  medication  have  proved  unavailing  as  a  means  of 
permanent  relief,  we  have  seen  undoubted  beneSt  arise  from  general 
faradization.  It  undoubtedly  acts  in  this  case  like  any  other  stimulat- 
ing tonic  without  aity  special  influence  on  the  malarial  poison. 


/attrmittent /ttur — Timforary  rtUiffrtm  ^initu—Rttovtry  undtr  general faea' 

ditatiott. 

CAsaCLXXXVIIIa. — Rev.  Mr.  L— ^applictllo  u*  for  treatment  in  October. 
Hii  general  nppeannce  pretcDted  alt  the  nutrked  characlerUlici  of  nuilariiU  inflacDce, 
while  he  com  plained  of  obsiinate  conttipittlon,  Itns  of  ■ppetttc,  uid  a  conuderatjle  ~ 
dei^ee  of  insomnii.  One  year  previouti)-  ho  was  proMrated  by  an  attack,  of  chilU 
and  fever,  but  loon  recovered  his  usual  heolih  under  the  Infltuence  of  quinine.  In  the 
following  July  he  mITeretJ  another  and  more  ^vcrc  altaclc  of  the  tertian,  which  soon 
changed  into  the  riuotidlnn  type  of  the  diuase.  During  Ihe  first  ten  days  of  hit  ill- 
new  he  look  loo  <g\v.  o(  r^uininc,  but  with  little  apparent  henefil.  Still  further  treat- 
ment by  quinine  inicrruptctl  the  scveciiy  mid  regularity  of  the  paroxysms,  but  by  no 
meaoscflcctedacurc.  For  some  time  l>cforc  hefcllundcrourDbserratianand  treat- 
ment, he  suffered  every  few  days  from  what  Is oimmonly termed  "dumbag^e."  We 
liamedjatcly  resorted  to  the  most  thorough  form  of  treatment  by  general  ele^rtriution 
with  (he  faradic  current.  He  wtt  remarkably  sutccpliblc  to  \x\  influence,  and  ovet 
the  region  of  the  stomach  and  liver  especially  only  a  very  alight  current  could  be 
borne. 

This  treatment  was  repeated  every  other  day  for  two  weeln.  Hit  bowd*  kxhi 
Iwcame  regular,  his  appetite  improveti,  and  after  the  third  application  the  attack 
ceaxil  altogether.  For  several  months,  at  lea-^t,  alter  the  cessation  of  treatment  he 
eontiniird  free  from  any  Indication*  of  remniirig  symptoms.  Sabsctjucntly  he  passed 
CroD)  under  oar  observation. 

*  Moaual  d'HectroLherapte,  etc.,  1861,  p.  581. 
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A  second  and  third  case,  in  which  llie  syi«|>toiiis  were  less  sc^ne. 
but  fLilly  as  perxisient,  yielded  promptly  and  completely  to  the  unie 
ntethod  of  treaimcnL 


IniermilitHt  ftvtr  Att«ei<Utd  with  andfithtjia,  ifUfimnin,  end  grtat  4i^ility—A^ 
frasimatt  rrfavtry  in  taij  tMtit  fy  j[tiuraijarad,ta/i^m. 

C\^E  CLXTCWIIO.— MiM  C.  S.,  ageJ  23,  wu  ptaced  utuler  oar  care  bf  Dr. 
Ceo,  Slci»cr(,  of  Ilarlcm. 

TIte  {laiicni  hwd  Hi  bcr  lire  l)cen  samewhAl  fecbte  in  health,  but  u  llih  time,  tnd 
fgr  *  tiioinb  frnviomly,  slic  had  lufTcrnl  [roiii  a  rttj  drddo)  impatrment  In  bcr  gat' 
cral  cuiiditiou, 

Kvery  arierngon  at  4  o'clock  ibe  cxperiu>ced  a  very  dtciili-d  sense  of  riiilUDCsi.  fol- 
louvl  by  a  rcv«r  whivb  Idited  until  5  o'clock  iltc  folluwing  mormngr.  Tlie  handi 
were  at  all  huuts  exceedingly  ti«niulou«,  and  ut  nijjhl  cAjiecially  her  fiiti^en  If^omt 
qttite  uiKsilielic.  Her  >'lTrn(;ih  was  so  far  CKbamtnl  thai  llie  could  walk  hut  a  fr« 
block)  uUliout  ijrcat  fsii^ue.  NulwiclKiamiing  these  luifavonible  syniptocn*  bcr 
tiowcis  comlnucil  ic^juLir  ami  Iile  apvetile  guod. 

She  sitffcced  much,  however,  from  Inunnnia,  and  wu  nrcly  able  Lo  sleep  befoic  > 

A  >mylc  general  a]>plic3iifin  of  the  faradic  current  rcsnlled  in  markcO  relief  of  tlw 
condition  of  tremWinj  and  nambnes'i.  Her  vieep  lapklly  improved  ;  ihe  pcriiidlcil 
chili  and  fcv«r  biL-nme  lc»*  awl  Icm  mnrkcd.  and  mmmi  dis)p[!earcd  ;  lier  tlrength  dr- 
ciiledly  increa«cd,  and  seven  appiicaiJont  given  during  two  weeks  renihcd  in  an  ep- 
proximale  recovery. 


Disease  of  ihe   Supt  a  renal  Capsula    (Attdisoris  Diseasf).—Oxa 

knowledge  of  the  i)aihology  of  Adilison'*  Disease  is  very  ircojniiktc 
In  a  large  proportion  of  casrs  the  bronzing  01*  the*  skin  and  the  |»rcn- 
liar  cacheclic  condition  of  the  affection  arc  preceded  by  orgaoic  Iwion 
of  the  supra-renal  capsules. 

Cases  are  not  warning,  however,  in  which  post  mortem  cxamiRationi 
have  revealed  no  anatomiral  lesion  of  the  cap-siiles,  nolwilhstantling 
the  previous  existence  of  the  most  marked  and  severe  characteristics 
of  Achlii^nn's  disease. 

Dr.  Wilkes  states,  "That  after  some  years'  attention  to  the  subject. 
I  repeat,  with  much  confidence,  that  the  disease  of  the  cajwiiles  in 
Morbus  Addisonii  is  unifonn  and  peculiar.  Tn  all  the  examples  which 
wc  have  now  in  our  niusenni,  amounting  to  thirly-thrcc,  the  disease  » 
of  the  same  nature  in  all."  t 

Of  one  hundred  and  ninety  six  cases  reported  by  Dr.  Grccnhow, the 
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*  Gwy'i  Hrt«pital  Report*.     Vol.  xi.,  1865.     Quoted  from  Aitken'i  Practice  0* 
Medicine.     Vot.  li.,  [n.  113. 
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Rupra  rcna]  capsules  were  fonnd  to  have  undergone  the  characteristic 

morbid  change  in  one  hundred  and  twenty-seven.* 

In  consideration,  therefore,  of  these  facts,  it  is  extremely  probable 
that  certain  organic  changes  in  the  capsule  of  the  kidney,  and  the  pecii* 
liar  symptoms  of  the  disease  under  consideration,  are  directly  related  to 
each  other  as  cause  and  effect.  If  the  affection  be  recognized  before 
the  bronzing  of  tlte  skin  has  taken  place,  it  may  possibly  be  arrested. 

Unfortunately,  however,  it  is,  as  a  rule,  impossible  to  diagnose  the 
diseise  before  the  discoloration  of  the  skin  commences,  when  it  is 
generally  acknowledged  to  be  incurable. 

In  regard  to  tliis  bronzed  discoloration  c^  the  skin,  microscopical 
examinations  by  Dallon  and  others,  have  demonstrated  (hat  it  is  due 
to  pigmentary  granules  in  the  rctc  mucosum,  similar  to  those  in  the 
skin  of  the  negro, 

We  give  the  following  details  of  the  remarkable  effects  of  electricity 
in  a  case  of  Addison's  disease  exactly  as  they  appeared  in  the  first 
edition  of  this  work.  After  the  patient  had  approximately  recovered 
his  strength,  he  was  presented  before  the  New  York  Medical  and 
Library  Association,  by  Dr.  Rockwell,  as  an  illusiralion,  not  as  a  atrr, 
of  a  case  of  disease  of  the  supra-renal  capsules,  but  as  one  of  ihe  very 
best  illustrations  of  die  extraordinary  tonic  powers  of  general  faradisation. 

Most  of  those  present  acknowledged  the  amelioration  of  the  man's 
symptoms  to  be  the  result  of  the  treatment,  but  doubted  whetlier  there 
was  or  had  been  disease  of  tlie  capsules.  For  two  years  afterwards  the 
patient  lived  and  enjoyed  during  the  time  all  the  vigor  that  had  resulted 
from  the  use  of  electricity.  Suddenly,  ami  without  apparent  cause,  his 
strength  failed  him,  and  within  twenty.four  hours  he  died.  A  post- 
morreni  was  obtained  which  substantiated  the  original  diagnosis.  The 
caiwulc  of  one  kidney  had  entirely  disappeared,  leaving  In  its  stead 
some  calcareous  remains.  The  other  capsule  was  situated  on  the  in- 
ternal border  of  the  kidney  a  little  below  its  normal  seat,  and  wps  com 
posed  of  a  checsy-like  substance — characteristic  of  the  disease. 

The  specimen  was  presented  by  Dr.  Rockwell  beibre  the  members 
of  the  New  York  Pathological  Socieiy, 

DiifOit  ef  the  tuprO'rtnaJ  €afttilet — Dari  itim — Dtficitut  stertUons — Paralym  of 

the  left  arm — I^js  of  sexttal  fitneer —  Very  great  imfirovemrul  under  general  far- 

ttditaiion—Slighl  fttrther  impr^vememt  under  galvoHiiaiiatt  ef  Ike  jyu/al/tetit. 

Case  Cr.XXXIX, — The  patient,  a  m»n  aged  43.  was  rcfcrrcii  lo  u«  by  Dr.  11. 

H.  Gret^ory,  <^i  Harlcni.  an<l  the  diagnoMi  ordUeaK  of  the  iup(a-(cnAl  cApraln  wu 

confumed  liy  Prof.  AuMin  Flint. 

*Clymer  tn  Aitken's  Practice  ot  Medicine.     Vol.  it.,  p,  iia 
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UtttQ  November,  1867,  the  paiwni  «yoyed  perfect  he«hfi. 

Aboni  thh  time  he  b^>an  lo  observe  &lit;ht  sympdmii  at  uhaDft'lon.  Suoa  hit 
appetite  failed  liim.  He  became  «ntomic,  ami  suffered  from  excesive  luigne  after  U» 
digh(e»t  exefEiDiu 

lie  was  cunfined  to  fa;s  bed  dnrins  the  monih  of  Jmnttary,  when  lie  Rnt  olMcrrfd 
wme  tliglit  discoloralion  of  bU  face  and  handi. 

During  the  ■ucccwling  month*,  umil  August,  1868,  hh  genera]  hexlih  termed  10 
[mjVMve  fomewhsi,  so  ihsd  he  was  enabled  to  engage  in  motlerate  latior.  Al  iMi 
tine  he  mi^dcnly  relapsed  inio  a  Mate  of  utter  ethinttow.  Ilia  al^iii  became  wttnl 
ahades  darker,  ainJ  his  genernJ  appcainitcc  nat  that  of  an  ordinary  malatto. 

His  bowd»  became  distreWtii;!)' consipate<l.  Sleep  was  fitliil  and  unrefreiliiBe 
His  mouth  and  throat  were  excessively  <Iry  and  parched ;  indeed,  the  funclldn  of  the 
iccretory  organs  generally  was  ntarkclly  im{iaired. 

Tlic  skin  was  tluivcUed  and  dnr.  The  finger-naili  yirtt  brittle,  breaking  on  the ap- 
pllcaikvn  of  a  very  slight  force  The  left  ann  wu  uilT  and  altnott  poweriem.  Il 
couU  not  be  bent  beyond  a  rtcht  angle,  nor  lifted  more  than  a  ktt  inchea  frnin  At 
fide.     lastly,  llic  sexual  power  and  desire  were  entirely  lc»t. 

All  of  ifaese  symptoms  persisted,  with  but  slight  variation,  noiwiilulUKluie  aa  ton* 
bttrrniplcii  Ionic  Ircalntmt,  until  June,  i86g,  when  titc  case  fell  under  our  ob«0va> 
tion.  At  the  tncut  protnincnt  and  distreuing  aymptom  of  which  the  patient  ooa* 
[ilpiiM-l  was  the  cxcesvii-c  debility  that  unfitted  bim  for  the  slightest  eierlkn,  the 
renltaof  trcatmeiu  l>y  general  clcctriration  Illustiatc  more  forcibly  than  in  moxt  Mher 
InMances  il»  rem^irkalile  consCiluiional  Ionic  |iower.  A  general  application  of  the 
fatotlic  current  revealed  not  only  a  profound  an.-exthelic  condition  of  the  whole  body, 
but  aUo  an  uiiiuual!  [^eiictat  impairment  u(  Lite  clectio-intucniar  contractility,  iif 
placing  the  negative  electrode  at  the  }Mt  of  the  stomach,  and  the  positive  on  Ihl 
neck,  a  tittle  above  the  Mventb  cervical  vertebra,  disKeswig  nausea  was  bvaiiaUf 
produced. 

The  patient  b^ou  to  amend  from  the  first  day  of  trcalnent,  and,  after  hattng  re- 
ceived thirty  general  Applications  of  the  faradic  cturent,  his  condition  at  that  dale 
may  be  thus  summed  up : 

1st.   He  had  tang  been  completely  cured  of  his  coiutipation. 

2d.   Sleep  was  perfectly  sound  and  refreshing, 

3d.  Tl)e  ilry  and  parched  condirion  of  his  month  and  throat  was  ctttirdj  ftlievod, 
and  all  the  secretions  of  the  body  liad  increased  in  quantity  and  (jnality. 

4th.  Ilix  finger-naiU  were  restored  to  their  uraal  elasticity. 

Sth.  lie  had  approximately  recovered  the  use  of  bis  arm.  This  improvement  ml 
manifeu  after  the  third  application. 

6tb.  The  sexual  organs  had  been  very  decidedly  strenglhcoed. 

7th.  AbovB  all,  his  strength  and  power  of  endurance  had  prog[resaed  with  ihc 
*l)ovc  changes.  At  first  he  was  boiely  able  to  crawl  a  single  block  i  be  oould  afte- 
aards  walk  a  couple  of  miles  without  sufl'ciing  nnpleasant  fatigue,  and  could  rcadOy 
eiignge  in  any  light  lalior. 

S'.h.  In  regard  to  the  bronring  of  the  sVm,  the  diange  was  not,  as  yet,  rery  marlied. 
The  discoloration  seemed  to  be  a  shade  lighter,  and  had  sensibly  reoaded  on  tba 
ddu  ol  the  Bngers  and  handle 

We  have  referred  to  the  luusea  excited  bjr  the  electric  currenL    Iti 
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riew  of  ceilain  theories  that  have  been  advanced  conceming  A'Jtlisun's 
disease,  this  fact  is  of  considerable  interest. 

The  wnii  hinar  ganglion  ant)  solar  plexus,  and  also  the  pncumo- 
gastric  and  phrenic  nerves,  supply  nervous  filaments  to  the  capsules. 

In  con^deration  of  this  fact,  Dr.  Habcrstion  and  others  are  of  the 
"opinion  that  the  more  fully  the  disease  is  known  the  more  completely 
will  it  be  traced  to  the  sympathetic  nerve."  The  unusual  action  of  even 
a  Ri'ld  airrent  on  that  nerve,  in  producing  nausea,  tends  to  strengthen 
this  -oncluslon. 

This  annoying  symptoui  rapidly  became  less  marked  as  the  patient 
gained  strength  under  the  influence  of  electrization,  and  a  most  power- 
ful current  could  soon  be  applied  without  causing  inconvenience. 

The  patient  was  subsequently  treated  by  galvanization  of  the  synijia- 
thciit,  with  some  further,  though  not  iDarked,  improvement. 

Very  Uttle  scientific  attention  has  been  given  to  the  eleclro-thera 
pcutics  of  diseases  of  the  kidneys,  although  the  organs  are  sufAciently 
accessible  to  electrization.  Most  of  the  recognized  chronic  diseases  of 
the  kidneys  are  of  so  grave  a  character  that  they  have  offered  but  Uttle 
encouragement  for  electrical  experimentation. 

It  is  impossible  to  (Kiss  an  electric  current  tlirough  the  body  iu  the 
region  of  the  kidneys  without  directly  affecting  these  organs,  as  is  clear 
from  what  is  known  of  the  condiictibillly  of  the  tissues,  and  also  from 
clinical  observation.  In  many  instances  patients  have  called  our  atten- 
tion to  the  fact  that  after  general  faradization  the  secredon  of  urine  was 
much  increased. 

Cem/iile  ti'Pfirtsnan  a/  urine /or  nx  dayj,  foiUnoittg  an  atliui  of  gravel^Tkrtt 
appOtaiioTti  of  general  faraditnti^H  is  /oUawtd  by  a  t^fiem  ftw,  ammtniing 
in  eighteen  haurs  to  over  tweh-e  quartt. 

Cmr  CXC:  — Mr,  S.,  agu-i  aboui  ^c,  anJ  wt-'ighinj;  some  xSolt«.,hulInrieveral 
j^.n  (udcretl  mure  or  Icfii  frocii  gravel  In  tbew  p»n:xy»nftj  attack*  the  iuia«  would 
often  become  complctrly  supjireiscil,  but  hy  a  u-ariii  I>ii!li  vaA  wann  drink  tlw  fnnc- 
tionil  iiclivity  of  ihc  'nidmey  invariably  ret unicil  in  a  shot  I  time.  On  one  otcuion,  liow- 
ever,  after  an  allAck  uf  unusual  fch-erity,  the^  ortlioory  Tcmcdies  compIeieLy  railed  to 
re-e*tttl>IUli  ihc  c^LTcHon  of  urine.  Dr.  H.  II.  Gre^^ry  V(«stnimeJiatclyciU]cd,a;id,iu 
ronjunctiun  wiih  Dr.  W.  H.  Draper,  vabily  endeavored  by  every  mcBJt&  at  cummand 
to  relieve  tlie  siifTtrnin^  jiiiiinu.  At  ilie  end  of  llie  sixlli  day  but  about  thirty  dropi of 
a  (liicV  and  ulug<ly  fluid  had  been  |cui>eil,  and  Dr.  (jregory  rcciucstcd  us  lo  us*  elec- 
tricity. Tlie  pnileiil  was  at  lliii  lime  cnmptetcly  prosiratetl  and  very  drowsy,  btu  no 
odor  uf  urea  cunld  tic  d«lc^:ted  in  the  brcatb.  We  tlcci«lcd  to  submit  the  paiient  lo 
gcucral  raiailiutiijii,  m\<X  un  Saturday  evening,  the  sixth  day  of  the  suppression,  tnadf 
a  predminnry  aiieinpl.  Tliere  wu  to  much  a<lij>osc  lusue  to  overcoLiie,  and  the  hkin 
of  the  patient  was  lo  esceedtngly  lenitive,  tliai  it  wa»  very  difBctilt   10  carry  out  tb( 
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prepoMd  (rextifietit  dT-KtUAlly,  On  SanHny  morning  k  Kcood  AppUcsuMi,  vitb  go  ia 
ciC3J«(]  tUcngtb  of  current,  wu  gi^-cn,  and  igaxa  oa  SwKl&y  evening  U  too'dodt  it>e 
Iteatm^nt  was  cssajcd  •  lliinl  time.  Two  honn  nib»ec|uently  Ibe  palicnt  felt  1  dc- 
tire  to  uiiiiatc  and  succeeJod  in  paWng  ui  oaatx,  in  ft  few  ninutc*  ibe  desire  tA 
urinate  retutned,  wlien  almost  wiiliout  cesKaiion  be  paoeJ  ui  ordiiurr  tited  chambrt 
full,  and  up  to  six  o'clock  tlie  lamc  day  twelve  qturti  «rcfe  voided.  From  thi>  time 
fartb  Uie  kidoeys  routbucd  Active,  and  ibc  patient  recovered. 

An  instructive  feature  in  this  unique  and  interesting  ca&e  lies  in  tile 
fact  that,  notwithstanding  a  complete  suppressioD  for  16S  hoars,  the 
symptoms  of  iirasmic  poisun  were  by  no  means  so  decided  as  might  be 
expected  This  aniclionition  can  without  doubt  be  fairly  attributed  tothe 
skilfiil  iiianagciiient  of  the  attending  physician,  especially  in  the  matter 
of  hoc  air  baths,  by  which  the  excretory  function  of  Uie  skin  was  kq>t  in 
a  constant  sute  of  activity. 

In  relation  to  the  credit  due  to  electricity  for  the  successful  issae  of 
this  desperate  case,  whether  the  symptoms  were  self-lira i ted,  or  whethei 
the  treatuieut  by  the  hot-air  baths  and  internal  iitedication  would  alooe 
and  in  good  time  have  brought  about  the  desired  result,  it  is  impossible 
positively  to  decide.  On  the  principle  oiposthfif  et,  etc.,  it  would  cer- 
tainly seem  as  if  faradization  should  be  rcganletl  as  the  important  thera- 
peutic factor  employed,  especially  as  its  power  to  increase  the  urinary 
secretion,  both  in  the  healthy  and  diseased  condilioa  of  the  kidney,  is 
clearly  taught  by  experience. 

Diabetts. — The  supposed  relation  of  this  symptom  to  the  disease  of 
the  brain  suggests  Itie  propriety  of  treating  it  by  galvaniMo/ion  0J  tht 
tympathetU  and  ef  tht  brain  and  $ptnal  (ord. 

Or.  VVni.  Dickinson,*  who  has  made  post-mortem  examinations  of 
the  brain  and  spinal  cord  of  five  diabetic  patients,  found  the  following 
peculiar  morbid  clianges,  which  were  nearly  similar  in  all  i — 

1.  Dilatation  of  the  arteries.     This  was  the  earliest  symptom. 

2.  Degeneration  of  the  nervous  matter. 
3    Cavities  ]>roduced  large  enough  to  be  seen  without  the  micro 

^copc,  and  which  contained  products  of  nervous  decay. 
4.  These  contents  become  absorbed. 

These  changes  were  found  near  the  arteries  and  throughout  the 
spinal  cord  and  cncephalon,  but  especially  in   the  medulla  obloi  gati 

and  pons  varolii.}' 

*  Medical  Times  and  Gueltc,  March  [9.  1S70. 

\  The  relation  which  has  been  eUahU^<^  by  CaM  betweeodUbelesandpniHivior 
the  vulva,  which  i*  a  nervoui  alTeciJon,  would  teen  also  to  (peak  for  the  nerrooi 
ebaracier  of  the  former  disease.     (See  Damon's  Neiuows  of  the  SUn,  1 86S,  p.  25.) 
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These  investigations  were  confirmed  by  a  most  distinguished  authoi 
ity  in  nervous  patliotogy,  Dr.  Lockhart  Clarke. 

Besides  these  pathological  observations,  there  are  two  gene'^  con 
stdeiaiion^i  whicli  might  be  adduecd  in  favor  of  the  theory  thai  Jiabeie: 
is  essentially  a.  nervous  disease. 

In  tlic  first  place,  it  a[)pcars,  in  some  instances  at  least,  to  Lwbrotiglil 
on  by  excessive  mental  excitement  or  worry.  That  it  tuay  be  produced 
by  concussion  of  ilie  brain  is,  we  believe,  conceded.  That  there  is  a 
relation  between  diabetes  and  the  base  of  the  brain  has  for  some  time 
been  luorc  than  suspected. 

Secondly,  the  results  of  some  ol  the  therapeutical  measures  would 
teem  at  least  to  indicate  that  this  disease  nuy  be  favorably  influenced 
through  remedies  that  affect  the  nervous  system.  ProC  Austin  Flint  • 
h^  recently  published  reports  of  two  or  three  cases  of  diabetes  that 
were  decidedly  benefited  by  bromide  of  potassium. 

Experience  is  the  best  and  only  test  of  the  strength  of  these  facts  and 
considerations.  The  experiment  of  central  galvanization — including 
the  brain,  spinal  cord,  and  sympathetic — is  surely  worthy  of  a  failliful 
trial,  especially  in  the  early  stages  of  this  affection.  This  treatment 
would  be  none  the  less  indicated  if.  as  some  suppose,  the  pathological 
changes  found  in  the  brain  and  spinal  cord  of  diabetic  patients  are 
merely  the  rtsuU  of  the  disease. 

Kx  per  [men  tally  faradization  of  the  liver  might  also  be  tried. 

Semmola  \  has  found  both  temporar>'  and  permanent  results  from 
faradization  and  galvanization  of  the  pneumogastnc  In  sonic  cases 
both  the  quantity  of  urine  and  of  sugar  were  diminished  It  maybe  re- 
marked that  it  would  be  dif5cult  to  galvanise  the  pneumogastric  without 
also  affecting  the  sympathetic. 

It  is  yet  too  early  to  offer  positive  opiulons  in  regard  to  the  electro- 
thentpcLitics  of  this  disease,  but  the  follomng  cases  are  suggestive  of 
what  may  possibly  be  accomplished  in  the  future. 


DiaMei  Mellitus  0/  traumatic  vrigim  m  an  agtd  patient— Ra fid  rtUtf  0/  all  tJU 
symptomi,  and  appannt  arrett  c/  Ike  diitoie  under  eenlml  gatiaMtaati^H-  - 
SM^iejutHt  attack  0/  hemtpligtu. 

CASt  CXCI. — J.  O.,  a.  firmer,  aiged  76,  wan  rererred  to  ws  January  30^  1873,  hy 
\)f.  J.  H.  Kaymuiii].  The  paticnL  hiul  always  liten  »ctive,  Uburiuus,  aiiil  mcU,  iiniil 
two  year*  previous  when  lie  fell  ten  feel  in  a  t>am,  Uriick  and  hit  on  )iu  diJc.  TdAt 
sfltnc  niglic  came  )min  in  ilic  nipple,  and  a  very  prufiuc  flow  of  urtnc.  Al  one  lime 
he  ].iaued  a»  hijjh  m  iwo  quart*  ani]  tin  tx  piiilik  tiailj'.  ll  wu  ascertained  that  tb« 
•  AmcTican  Prnciiiioner.  Jan.,  1870. 
•f  Q  lots!  by  AhhsuB,  op.  cit.,  p.  58a. 
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oriiu  oDtLtuaed  itigar,  mil  by  nedical  advice  ha  had  adopted  CAaplia'i  dkt.  tad 
under  Dr.  Raymond  had  taken  carbonate  of  loda  with  advantage. 

Tlie  t}-inploins  a(  the  lime  the  patient  came  to  lu  were  as  foUowa  : — There  wii 
bcadadie,  bod  taste  in  thcinoiilh ;  the  urine  bad  a  •peci'Sc  gravity  of  10x4,  and  lie 
«-ak  obliged  to  riM  iit  lliciitclil  to  paa  wa:cr;  attout  (wo  quaru  were  posKd  daily ; 
ll^ere  una  con^iilerable  miiftcnlir  <Ichility,  to  that  a  abort  walk  was  fatiguing. 

On  the  theory  that  the  diicBM  waa  in  the  spinal  cord,  or  at  tcoit  In  Moe  part  o{ 
the  central  nenrona  system,  we  began  to  usec«ntnd  galvanization,  with  tmmedtaie 
rnults.  After  the  firtl  application  he  began  to  be  ttroi^cr,  and  after  a  week  il  «a) 
00  longer  needCnl  for  him  to  rise  at  n^[hi  to  pass  water.  The  specific  gravity  of  ibt 
uriuc  won  uciitdowti  to  I0I9,  at  which  point  sugar  could  still  be  detected.  The 
diet  o[t}ie  paiicnl,  and  hli  general  maiinei  of  life,  wereihe  ame  an  before.  Stigsr 
wni  never  entirely  cipcllcO  fr<jin  the  urine,  but  in  strength  the  patient  so  moch 
improved  that  he  could  wol'k  several  miles  daily.  The  headaches  were  felt  no  more, 
and  tli«  lad  tante  was  much  miti>:ated.  He  returned  to  htshomeand  tobisoccBpatioa, 
and  was  able  to  work  more  or  leu  for  six  inonth^  when  ba  waa  taken  with  liciai* 
pkgia. 

Dr.  Bunker  iiiforms  us  that  he  has  similarly  treated  a  cose  of  diabetes,  nod  haa  fran 
time  tf*  time  examined  the  urine  and  estimated  the  quantity  of  urea.  He  haa  con* 
firmed  llic  e.\i>cr)ciK'e  above  recorded;  and  beudes.  has  shown  what  we  tUd  00! 
attempt,  that  the  quantity  of  ures  diminished  very  markedly  luider  the  treatment. 

It)  the  following  much  severer  case  the  apparent  results  of  treatincal 
were  less  decided  : — 

Diatfttt  melfiluj.  twv  and  *  halj  ytor^  Uandtng,  afifartnify  catueJ  fy  a  fmlt, 
tomplUettd  with  varwut  turvatts  tymifilfimt—'TemjwsryteMrjit/romtemtrtl 
go  ivi  n  iiaiij  n. 

Case  CXCII. — Mn.  L.,  a  married  lady,  under  middleage,  waiieni  tousMaKh4. 
1873.  Two  and  a  half  yeara  before  she  had  a  severe  fall,  which  prodoced  «  coneu- 
Sion  of  the  ipine.  and  laid  her  up  for  a  week.  In  a  few  months  came  oB  <  ii.i  iilif 
tliirst,  ccii<^lipaliun,  aiul  sugar  in  tlie  urine.  She  hod  been  lhriiu);li  variovs  forms  o( 
treatment,  and  confined  herself  to  In-an.brcad,  and  was  then  drinking  Bet heada  water, 
iHiich  teemed  to  do  ber  good.  Her  condition  waa  as  followst  Specific  gravity  of 
jrine,  IC149  ;  kix  gallons  paaaed  daily  part  of  the  time,  and  when  she  p^id  no  regard 
tu  lier  diet.  CooMdeiable  facial  iieural(;ia,  gre:U  lliiist,  a  feeling  of  aching  and  stil^ 
ne«  in  leg*,  with  pains  icsembling  growing  jiains ;  insomnia,  partly  owing  to  tl>e  fact 
tLat  she  was  obliges]  to  gel  up  seveial  time*  duiing  the  night  to  pau  watery  and  tcA. 
dcmevs  i.f  dorsal  and  lumbar  vertcbrie.  Treatment  by  central  galvaDieatioa  faithfully 
u»ed  brought  down  the  specific  gravity  of  the  urine  to  1C40^  but  never  lower  than  thai, 
enaUcd  hn  to  pass  the  entire  night  without  rising  to  make  w.itcr,  and  relieved  ittaiiy 
of  lier  ijeiicra.'  nervous  symptoms,  and  this  was  all  it  accompltslied. 

Cirrhosis  of  the  Livtr. — ^Tlie  pains  that  accoinpaiiy  this  ilisease  may 
be  relieved  by  various  electrical  aiipUcations,  and  it  u  possible  that  the 
disease  might  be  arrested,  in  some  cases  at  least,  provided  the  xxttXr 


nUlGIIT'S  DISEASE— KHINIUS. 


673 


r 
I 


ment  was  began  early  and  faiilifultjr  carried  out.  We  have  known  one 
case  to  be  soincH-hnt  beiierued  in  this  way. 

Drpptifal  Effusions. — Dropsical  cfTusions  are  5usce|)tlble  of  tiiiat- 
inenl  by  the  electric  currents,  even  when  they  depend  on  incurable  dis- 
eases of  the  heart,  liver,  or  kidneys.  Galvani^tion  and  faradi/.attQn 
may  both  be  tried  wiih  strong  currents 

In  ceibnia  of  tlie  lower  limbs  we  have  found  both  galvanization  and 
faradisation  lcm[>oruri1y  and  soutctimes  permaueutly  cflicacious. 

Ctnfrat  drcptjr  tkt  rtiuft  »f  vahmlar  htarC  Jiitatt — Patver/ul  faratiie  ttirrtrntt^ 
lacaltud,  greally  tntreasi  tht  tecrrlory  atthn  </  tht  kidntyt^  and  ttnsifait  tAt 
droptitttt  tffmton, 
CasbCXCIII. — Deccmbmj,  iS;o,  we  wrre  called  to  see,  with  Dr.  Samiwl  T. 

IlublMrd,  a  l.idy  age^i  nboul  thirty -live  year*,  who  wm  snBfering  from  generid  drapi^. 
Tl>c  ntnluiiicn  wnx  cnurrnDu&Ey  tlUtendcd,  and  the  lower  limb*  weie  duuble  itieii  nor* 
mml  Kbe.  The  patient  wa«  a  frail,  ilelicaie  woman,  and  for  yean  hai]  sifTercd  froin 
valvular  (Jitease  of  the  heaiC  tetultiii);  fiuni  articular  ibeunialism. 

The  kidnej-ii  were  almost  eattrcty  inactive,  so  that  stie  voitlci]  not  more  than  a  tea* 
apDoafulof  uitue  at  a  lime,  aud  the  aj^e^ale  quantity  tccicted  during  twentyfour 
hoiir^  was  but  a  triAc  All  that  wc  could  hope  to  accompUdi  was  to  whip  up  tha 
waelory  process,  and  for  th^jpuqxiMt  a  faxadic  current  of  great  intcnvity  was  directed 
through  both  kidneys  and  the  lower  limbs.  The  current  was  to  tlic  patient  hardly  a|>* 
preciable,  notwithstanding  the  great  strength  of  current  itMf!,  and  yet  the  flow  of 
urine  was  so  inn'ca*cd  th^t  during  the  next  twenty-fooi  huora  a  gicalcr  amount  wai 
roide<t  than  she  was  acctutotncd  to  puts  when  In  her  ordinary  health.  The  applica- 
tions were  re[ieaicU  fifleen  iimei  (the  increued  amount  of  urine  secreted  being  kept 
ap)  until  the  waiiM-  had  dlsappeare>l  from  the  abdomen  and  Ic^  This  was  only 
one  of  several  pierLoui attack^  and  her  strength  was  w  much  rcduceJ  by  cunlinuod 
suffering  that  ihe  gradu;illy  sank  and  died.  Electrisation  evidently  prolonged  UfCf  ud 
by  relieving  the  pr«smire  on  the  lungs,  much  alleviated  the  distress. 

Briglifs  Diiease. — Theoretically,  local  galvanization  through  ihc 
region  of  the  kidneys  and  central  galvanization  ought  to  be  of  service 
in  the  early  stages  of  Bright's  disease.  The  nutrition  of  the  kidneys 
might  thus  be  improved  directly  and  indirectly. 

Wc  have  not  yet  experimented  as  much  in  this  direction  as  wc  could 
wish. 

Dr.  H.  J.  Pratt,  of  Denver,  Colorado,  reports  a  case  of  Bright's 
disease  where  the  galvanic  current  applied  over  ihe  dropsical  abdomen 
and  general  faradiiation  resulted  in  relief  of  the  droiisy,  and  in  a  dimU 
nution  of  the  amount  of  albumen  and  of  the  hyaline  casts. 

Hhinitis  {Caiarrh). — Subacute  and  chronic  iullanmiations  of  mucous 
membranes  are  susceptible  of  electrical  treatiucnt — may,  indeed,  be 
permanently  as  well  as  temporarily  relieved  by  it,  though  but  rarely 
does  it  work  an  entire  cure  unless  aided  by  other  measures. 
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Aade  from  any  chemical  effect  of  the  current,  its  mechanical  iciica 
alone  would  be  sufficient  to  theoretically  account  for  the  relief  it  gem 
lu  inclined  mucous  membranes.  Stellwag,  speaking  of  initanu  in 
genera]  in  Ihc  treatment  of  external  inHainniulions  of  the  eye,  uses  the 
following  language  :  "  The  irriiation  which  they  set  up  in  the  senwtj 
nerves  being  carried  over  to  the  va&o-molor  nerves,  may  cause  a  COD- 
traction  of  the  calibre  of  the  vessels  when  ihey  are  in  a  conditioa  of 
relaxation.  This  is  done  by  the  excitation  and  im-igoration  of  llM 
atonic  miiscnlar  fibres.  The  re|oliition  of  the  inflammation  is  favorci] 
by  il)c  lessening  or  removal  of  the  congestion,  which  is  ore  of  the 
causes  of  the  unfavorable  course."  * 

The  theof)'  is  fully  plausible  that  electricity  operates  to  a  less  degwc 
in  tile  same  way,  fur  its  primary  effect  is  to  increase  the  amount  of 
blood  in  the  mucous  membrane  to  which  it  is  applied,  and  erpcnmce 
shoe's  that  this  hvi^enemic  condition  thus  created  soon  passes  away,  f 

The  same  explanation  will  apply  to  the  action  of  electricity  on  aJ  ih(i 
mucous  nsembranes — tlie  eye,  the  ear,  the  pharynx,  larj'nx,  and  urethra. 
Certainly  tiic  ultimate  result  of  elcctriiation  is  to  give  lone  to  the  mB* 
cous  membranes  as  to  other  tissues  of  the  body.  (For  methods  of 
treatment  of  rhinitis  see  Anosmia.) 
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Catarrh  »/  eight ytarf  ttatutiHg—C^mfilefe  and  ftrmonent  rtetvtry  mnier 

gaJvanitati^n. 

CasiCXCIV.— Mr.  N.,Beed38,  wasrererredl9ub]rDr.  D.  B.SLjnlmlU>o« 
For  eii;li(  ytart.  tFie  lulirni  htu\  been  afflicted  with  nvm]  catarrh,  o\  a  mmt  prrMtient 
■nd  aiiuo>ir)g  type.     We  enpresM^  doubt  as  to  ihe  cflicacy  of  th«  elccincal  tret 
meal  In  her  oite,  ami  Mated  t)int  if  il  wai  undertaken  It  wonJd  be  ncccnn;  ubt 
moM  perwverine  in  order  to  te*l  iK  cITicacy. 

Tlw  paikiu  was  willing  mid  aiixiouii  to  Iry  this  or  any  other  mclhod  ihot  oSb«1 
the  sligl)tc«r  chance  of  rclicF,  and  for  ncariy  four  monihi  ihe  submitted  to  the  pro- 
posed ireatinenl.  From  four  lo  six  ordinary  tlied  ilnc-carbon  cd Is  were  Bvd,  ud 
th?  treatment  wu  both  exin-ral  and  Jnlernsl  About  tlxly  applications  vrcre  given, 
and  Ihe  result  was  a  complete  recovery. 

Over  four  years  have  now  elapsed  since  this  case  was  first  puWished* 
but  the  patient  has  m^vcr  felt  a  symptom  of  a  retuni  of  the  difli- 
culty. 

Anosmia,  or  Lets  of  Sinse  of  SmeU, — A  very  frequent  result  of  lonf 
continued  rhinitis  is  partial  or  complete  anosmia.     Theacuc  fonn  thtl 


I 
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•  DiKai«s  of  the  Eye.     Trottslaled  by  Dr«,  llackleyand  Roosa,  p,  z6, 
f  Gulultew  hu  thowTv  that  the  capillaries  of  the  nitttiating  iDcrabrsne  of 

cofitiact  traniivcncly  inulcr  the  tntlumcc  of  powerrul  electrical  shocks. 

Surgical  ralhology.     Trans  atod  by  Dr.  C    E.  llscUey,  p.  53.) 


fonn  thtl  ^ 
the  fr«|S 

i 


ANOSMIA,   OR   LOSS  OF  SENSE  OF  SMELU 

appears  in  the  early  stages  of  severe  cold  usually  passes  away  without 
treatment  on  the  subsidence  of  the  irttlaniniauon.  3n  some  cases 
anosmia  is  supposed  to,  and  probably  does,  result  from  careless  and  too 
prolonged  use  of  ovcr-irri tiling  injections.  There  are  various  grades 
of  the  disease,  from  simple  and  scarcely  perceptible  obtiiscncss  of  the 
smell  to  absolute  inability  to  detect  any  odor  wiiatcvei. 
Kerosene,  coffee,  illuniinating  gas,  make  no  more  iuipres- 
sion  than  substances  of  a  negative  character. 

Anosmia  may  also  result  from  central  as  veil  as  peripheral 
lesion. 

The /rftT//rt//x/ of  anosmia  maybe  both  external  arul  internal. 
The  external  treatment  is  the  same  as  that  recommended 
for  rhiniiis,  except  that  the  current  should  be  niucli stronger; 
the  internal  treatment  consists  in  the  direct  application  of  a 
metallic  electrode  to  the  mucous  membrane  of  the  nasal 
passages.  We  have  used  for  this  purpose  an  insulated  clec 
trodc,  with  a  metallic  bulbous  extremity  that  can  be  run 
some  distance  up  the  inferior  meatus.  An  insulated  Eus- 
tachian catheter,  containing  a  wire  with  a  bulbous  extremity, 
serve*  very  well  the  purpose,  or  a.  conunon  silver  catheter, 
Nwal  tkc-  ""•"™''^'<^c!,  may  be  used  ;  or,  indeed,  any  flexible  metallic 
Irode.      electrode  of  proper  size. 

jliMjmiit  fxirting  six  ytart—tm^avemtHi  under  treaiintnt  by  heal /araJitathfi. 

CaseCXCV. — \fr.  H.  I.,  a  medical  student,  aged  30,  sufTerini;  from  ancismin, 
was  leferrcd  lous  by  I'r.  Koo^n,  Some  six  jc-irs  previously  the  pxtient  had  IsWtxx 
from  a  horse  and  sustained  severe  bruises  about  the  head  and  (ace.  From  that 
time  be  had  tieen  unable  to  distinguish  any  o<lor  with  the  exception  of  that  of  (mh- 
ground  coffee  and  kerosene  oil. 

A  powetful  application  of  tlte  fara<Iic  current  «-ai  ntade  on  either  Mde  of  itie  bridge 
of  the  nose,  near  the  eyes  ennUiiii;  him  in  ilie  course  of  x  few  lioura  to  smetl  f^dnity 
certMi  Mrorg  perfumes. 

On  the  follonnng  morning,  however,  he  wu  surprised  to  find  himself  able  to  unell 
tolacco  smoke,  camphor,  etc 

His  senie  of  «mell  remained  thus  acute  until  three  or  four  in  the  at^craoon,  when 
ll  luddenly  disappearcti, 

A  second  application  was  followed  by  the  iKneiicIal  result  of  the  RrsI,  and  wfth 
only  a  partial  relai^e,  while  the  third  and  fourth  lianccs  rendered  him  sensiUe  l» 
most  of  the  ordinary  odnr^ 

A  notmia  asioeiated  vUk  hit  9J  thi  unst  of  laitt — Rttct/try  mndtr  l^aUteJ gaivamt- 

Cas£  CXCVI.— Mn  H  ,  sent  to  u»  by  Dr.  A.  N*.  Brockway,  aged  45.  wai  tuffer* 
iiC  fr"in  !i  severe  and  chronic  nn<^1  cndirrh,  and  associated  wiih  thb  tUMue  wai  4 
M!np!et«  lost  of  tlie  ^eates  a(  l^le  and  uneU, 
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It  W&3  aliVe  to  the  pMlent  whether  Ae  Ue  the  moit  ilellcue  not^  or  the 
cnul,  wi   wticthcr  khc  Inhaled  the  peifume  »S  the  rvw  ot  the  mo»t   duogrcMUe  t^•^ 
odon.     This  coixliiiun  has  KiHted  for  several  ytan,  but  nibler  ihe  iafluence  ot  tb4 
^vanic  currenl,  applied  Iralh  lo  ilte  mncout  membiraDC  ol  the  nual  posaj^  and  ta- 
tenuJIy,  the  taac*  of  taste  and  vaeW  entda&lly  returned  to  their  normal  acuK 


Toeihaehe  {^Odontalgia). — The  pathological  conditions  ihat  give  ii« 
to  toothache  are  so  variotis,  anil  the  anatomical  ditlicuUies   in  the  wiy, 
to  direct  localization  of  the  current  in  the  affected  nerve  are  sogri 
thai  uniform  results  from  electrical  treatment  cannot  be  exjMcted. 

The  familiar  cause  of  toothache  is  exposure  locold.     Although  the 
nerves  connected  with  decayed  teeth  are  more  liable  to  b«  aflea 
after  such  cx[iosiitc,  yet  the  nerves  of  any  or  of  all  the  teeth,  evi 
when  ihey  are  perfectly  sound,  may  2lso  become  hypenesiheiic  a: 
cause  exceeding  distress,  cither  from  ex|)05urc  to  cold,  or  from  an 
or  nervous  exhaustion.* 

The  applications  may  be  external  or  internal^  cither  with  tlie  fi 
or  galvanic  currents.     The  galvanic  is  preferable,  since  by  it  ire  cu 
better  put  the  irritable  nerve  in  a  condition  of  anelcctrotonos  (see  \ 
aSl).    Externally  a  moistened  siKtnge  electrode  connected  with  the 
live  pole  may  be  applied  for  a  few  minutes  over  the  seat  of  the  pain, 
while  the  other  is  held  in  the  hand  of  the  patient. 

The  application  may  be  made  internally  by  means  of  a  small  insulated 
electrode,  with  a  metallic  extremity.  (The  nasal  or  laryngeal  electrode 
will  serve  the  puqiose.) 

In  both  the  external  and  internal  applications  it  is  well  10  begin  with 
a  mild  current,  and  gradually  increase  it  up  to  the  ^wint  where  the 
padcnt  can  conveniently  bear  it. 

Ozone  and  Osonised  Oxygen. — \Vhcn  siiarks  of  electricity  pass  be* 
tween  two  metallic  plates,  a  peculiar  odorous  principle  is  developed. 
which  has  been  termed  6%one  (from  o^s,  to  smell).  This  odor  is  obficrrcd 
during  experiments  with  apparatus  for  statical  electricity,  while  the  eleo 
tricity  is  passing  from  a  point,  when  a  discharge  from  a  strong  battery  ii 
sent  diroiigh  a  number  of  sheets  of  paiicr,  and  also  al^er  an  object  has 
been  struck  by  lightning.  As  long  ago  as  1 785,  Von  Marum  obserred 
that  electrified  oxygen  gave  forth  an  odor  much  like  iliat  which  is  ob- 
served after  a  lightning  stroke.  This  odor  was  usually  described  as  "  sul- 
phurous." Mr.  Scliunbcin,  who.  in  1840,  first  called  formal  attentioo  to 
ozone,  first  discovered  Ihat  it  appears  at  the  positive  pole  Jn  the  eleo 
trolyzation  of  water.  . 

*  Frumrnhold  giro  an  interesting  chapter  on  Odontalgia  Rheumatkm.  See  Ur 
Elcctrolhcfspic  mVv  be*ondct«  Rackskht  auf  Ncrvm-Kranklieiten,  1S65,  p.  404. 
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The  obsener  also  found  that  this  [leculiar  odoriferous  principle  can  be 
pi=served  In  glass  vessel*  for  a  very  long  lime.  The  odor  may  be  pro- 
vented  from  appearing  by  raising  the  temperature  of  the  liquid  to  a 
boiling  point,  and  it  may  be  at  once  neutralized  by  the  addition  of 
quite  small  quantities  of  pulverized  charcoal,  tin,  zinc,  iion,  lead,  an- 
tiintmy,  bismuth,  or  arsenic,  by  a  little  mercury,  or  by  introducing  inta 
the  substance  led-hot  platinum  or  gold.  It  is  produced  by  the  slow 
oxidation  of  phosphorus,  it  is  disengaged  from  solutions  of  a  nunibec 
of  the  salts,  and  from  diluted  nitric,  phosphoric,  and  sulphuric  acids. 

Mr.  Gann  concluded,  from  his  experiments,  that  this  odor  may  be 
evolved  from  all  metals^  provided  they  are  so  treated  as  not  to  become 
oxidixed  or  (o  combine  with  other  metals.* 

Tests. — The  test  for  ozone  proposed  by  Sch&nbein  was  a  paper 
tnoistcncd  with  a  solution  of  iodide  of  jwiassium  and  starch.  The 
ozone  sets  free  die  iodine  and  gives  the  starch  a  deep-blue  color. 

Central  J'rcper/ies. — Ozone  is  active,  intensified  oxygen.  Like 
Oxygen,  it  has  a  {Kiwerful  oxidizing  action.  It  is  about  hnlfas  heavy 
OS  oxygen,  and,  at  a  temperature  of  290*  (Cent.),  i?  changed  back  into 
ordinuiy  oxygen.     It  is  only  soluble  in  oil  of  turpentine. 

O^one  exists  in  the  atmosphere  in  greater  or  less  quantity,  which  u 
believed  to  var>'  with  the  atmos|>heric  conditions,  and  to  exert  adeiinite 
and  powerful  influence  on  the  health,  although  precise  and  satisfactory 
demonstration  of  the  nature  and  extent  of  the  lan's  of  this  influence  ia 
yet  wanting. 

According  to  the  experiments  of  Prof.  SchSiibem,  Messrs.  Martigucr, 
Marignac,  De  la  Rive,  Bccqucrcl,  Fr*niy.  and  others,  it  would  apjiear 
tliat  ozone  is  only  a  peculiar  form  of  oxygen  produced  by  electricity — a 
change  analogous  to  that  whicli  the  solar  rays  bring  forth  in  chlorine — 
and  that  its  presence  in  certain  quantities  is  essential  to  heallli.  Ac* 
cording  to  Dr.  Bocckcl,  Prof.  Schonbein,  and  Dr.  Billiard,  the  presence 
of  cholera  or  malaria  is  attended  by  (he  absence  of  ozonc.f  It  is  fossi- 
bU  that  ozone  has  more  or  less  share  in  the  vnriations  of  the  physical 
conditions  that  have  been  ascribed  to  changes  in  the  conditions  of  atmos- 
pheric electricity.  Ozone  is  found  to  be  especially  abundant  in  the 
atmosphere  after  a  thunder-storm.  It  is  also  supposed  to  be  pio<!uced 
by  decay  and  the  growth  of  plants.  It  destroys  the  impurities  of  the 
air  miasms  by  producing  rxidation.     It  has  been  estimated  that  "a 

•  Lectures  on  Eleelricily  by  Ilcnry  M.  Noml,  London,  1844.  p.  aja. 

^  On  (he  Influence  of  Varinlioni  of  Kleciric  Tension  u  the  remote  Ccuse  ol 
EpIOemic  And  other  DiKun  Uy  Wm.  Cnig,  1S64,  p.  424.  See  also  Comehw 
Pox  iMi  Oion.'  anJ  Aiiiomnc   for  a  rt^me  of  what  \%  known  wf  lhl»  Milijctt. 
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volume  of  air  containing  j^i^  of  ozone  will  purify  540  volufflMi 
trid  air."  ]d  the  oris  oione  \ms  been  utilized  for  bleaching  and 
feeling. 

I'AysioIo^ieai  antt  Therapeuiitai  Effects  of  Oione, — The  [jhjrsiolc^t 
effecis  ot'  ozone  have  been  studied  both  on  man  and  on  animalk    Jii  ill 
believed  that  the  bracing  and  inspiring  effect  of  a  dear,  crisp,  anil 
sparkling  morning,  is  due  iu  part  lo  the  great  auiuunt  of  ozone  in  the 
aunosphere.*     When  it  is  held  in  combination  with  ox)-gen  orcomttuta 
ail,  it  acis  nnich  like  oxygen,  but  inure  powerfully.      It  affects  the  pulse, 
the  respiration,  and  the  circulation,  in  various  ways,  according  to  the, 
quantity  taken,  and  die  teniperainent  of  the  individual     In  this 
it  behaves  like  electricity.     It  has  been  thought  that  ozone  is  fotnx 
in  the  body  front  the  contact  of  oxygen  gas  with  the  blood,  and  iJic 
are  those  who  beliere  that  it  is  absorbed  with  the  oxygen  in  the  air,  and 
is  carried  into  the  blood,  where  it  lakes  part  tn  the  process  of  oxidatioi 

There  is  a  possibility,  if  not  indeed  a  probability,  that  electricity, 
its  passage  through  the  body,  generates  ozone  in  very  minute  quactitic 
through  the  electrolytic  and  other  changes  that  it  produces,  and  thpl 
theoiy,  that  the  beneficial  effects  of  electrization  are  in  part  due  lo  the 
ozone  thus  generated,  has  some  plausibility.  But  on  all  these  subjects 
very  little  is  known.  Experiments  made  in  the  laboratory  with  ozone. 
artificially  prepared,  arc  highly  suggestive.  Catarrhal  symptoms  and 
attacks,  much  resembling  epidemic  inHucnza,  are  produced  by  Ion 
breathing  air  laden  witJi  ozune.  It  is  stated  that  it  would  be  difficult 
disilnt^ish  between  the  symptoms  of  intluenza  and  the  symptoms  of 
an  ovtr-dose  of  ozone.  Experiments  on  animals  have  shown  tha^t  irrita> 
tioii  cE  ti;c  mucous  lining  of  the  throat  and  nostrils,  with  febrile  symp- 
toms and  cuugcstion  of  the  lungs,  may  be  quickly  excited  by  breathing 
air  contain'i:^  a  large  percentage  of  ozone.  If  animals  an-,  for  a  long 
time,  5ubjectt.'J  to  ozone,  chcy  perish.  In  their  susceptibility  to  it, 
However,  ihcy  \-jsy  widely.  A  rabbit,  breathing  air  mingled  with  f^ 
of  its  weight  in  otonc,  has  died  in  two  hours.  Mice,  breathing  air  ahoui 
xivz  *3f  ozone,  have  died  immediately.  Rats  are  more  susceptible 
than  guinea-pigs,  and  guinea-pigs  are  more  susceptible  than  rabbits. 
Pigeons  are  quite  lulerani  of  ozone,  and  frogs  arc  proof  against  a,  pro- 
vided they  have  abundance  of  water.  Bints  are  :|>rciilly  tokrani  o^H 
thli  agent,  as  might  naturally  be  inferred,  since,  in  the  higher  strata  o^^ 
Uie  :vir,  where  they  Sy,  ozone  is  more  abundant  than  near  tin;  eartii. 

A  convenient  a^'paiatus  for  the  inhalation  of  ozonized  oxygen  is  thai 

*  Dr.  Baldwin   Am.  Tour.  Med.  Scfeocei,  Oct.,  1574)  eivei  otnervuiou  that ' 
poce  ttiii  theory. 
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rf*  Siemeu's,  which  consists  of  a  glass  tube  lined  with  tin-foil  leives  that 

I      are  connected  with  the  current  from  a  powerful  helix,  and  sli^iil^ 

H  ec|)aratvd  froro  each  other,  bo  that  in  passing  from  one  to  the  other  the 

currcDt  is  interrupted  with  sparks.    Through  this  lube  the  oxygen  passet 

from  an  iron  receiver,  and  ozone  is  developed  by  the  action  of  the 

(current  at  its  interruptions.  By  this  apparatus  fifteen  per  cent,  of  the 
oxygen  may  be  converted  into  ozone.  A  glass  apartment  iiiay  be  con* 
structcci  on  the  sonie  principle,  in  which  the  patient  may  sit  for  a  long 
time  and  slowly  breathe  in  a  natural  manner  the  diffused  oxont/ed 
■  oxygen. 
Dr.  C.  Lender,*  of  Berlin,  has  successfully  experimented  with  the  in- 
halation of  ozonized  oxygen  in  the  treatment  of  wounda,  and  has  found 
that  in  malaria  and  various  conditions  associated  with  impure  htood 
and  depraved  nutrition,  its  correclive  and  tonic  effects  are  very  decided. 
In  this  country  the  therapeutic  effects  of  ozone  have  been  studied  by  Dr. 
Sasx,  and  with  encouraging  results. 

Antozofte. — This,  like  ozone,  is  an  active  condition  of  oxygen,  and  is 
produced  in  the  sanie  way  and  at  the  some  time.  The  fact  that  sudi  a 
condition  as  Antozone  might  exist  was  suspected  bySchonbcin  in  1858, 
and  its  properties  have  since  been  studied  by  Meissaer,  in  1863  and 
1369. 

Hay  Fa*er — {Summer  Catarrh — Rest  Cold — Autumnal  Catarrh,~~ 
We  have  recently  in.idc  extensive  researches  in  this  strange  diseasie, 
and  have  shown  that  tin:  nervous  system  has  more  lu  dti  with  it  thai) 
has  been  sup|)o:9cd.  VVe  have  treated  two  cases  of  the  disease  dur* 
ing  the  attack  by  external  galvanization.  In  one  case  considerable  and 
in  the  other  case  very  decided  relief  was  obtained.  Dr.  W,  K.  Hutch- 
inson, of  Providence,  has  succeeded  not  only  in  relieving,  but  in  break- 
ing up  an  attack  by  central  galvanization. 

As  a  prophylactic  a  prolonged  course  of  general  faradijcation  or  cen* 
tral  galvanization  is  recommended. 

Acute  Diseases — Fevers — Convalescence. — General  faradization  and 
central  galvanization  might  be  used  in  acute  diseases  much  more  than 
they  have  been.  When  quinine,  iron,  etc,  are  used,  these  methods  of 
electrization  should  be  used  both  for  Ihcir  sedative  and  their  tonic 
effects.    That  the  pulse  and  temperature,  when  abnonnally  high,  can  be 

*  Pu  unreine  DIat  und  tcine  Rcmigung  durch  ficE»tiv-elcctri»chen  SaucniulT 
(Oiod).  Also,  Saiierunfl'  und  Ottdisauer^toff,  ncl»t  iliter  Aiiweiiiiung  l»ci  Verwun- 
dcten  ii3cb  einem  ini  Berliner  Inhalatonuni  geliallcncn  Voira;;e.  Compue  aL»o  L>r. 
A    1 1.  Smith'*  eicclitrril  (lajwr  on  Onys^cn  Gas  u  a  Kcmcily  iti  Ducosc.     New  York, 
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reduced  by  general  faradization  and  central  galvanization  we  hm 
abundantljf  established  by  many  observations,  and  the  greater  tonic 
effects  of  these  methods  of  using  electricity  are  now  conceded  emj- 
where. 

Ttic  introdtiction  of  these  methods  to  the  treatment  of  acute  and  slll^ 
acute  diseases  offers  a  great  field  for  enterprising  general  practirionen. 

Dr.  Glax  treated  thirty  cases  of  typiioid  fever  by  galvanization  rf 
the  cervical  sympathetic,  and  succeeded  in  reducing  the  tenipcraloft 
and  diminishing  the  fever. 

in  eonvaUsecnce  from  any  acute  disease,  genenil  faradization  and  ceo- 
tral  galvanization  are  a  great  assistance,  and  have  been  consider^l;r 
used  for  that  purpose  by  ourselves  and  other  observers. 

Obesity. — Obesity  has  been  treated  by  |>owcrful  faradi/Ation,  with  t 
view  to  produce  alisarjttion  of  the  adipose  tissue,  and,  it  is  claimt^  widi 
some  success.    The  applications  are  du'ected  ihrougli  the  abdomen. 

Chrome  AUohcHsm. — ^Viihout  attempling  to  consider  the 
syiii|)loms  associated  wtlli  alcoholic  poisoning,  or  attrmptin^'  tu  deAi 
tt>e  possible  pathological  changes  that  may  appear  in  the  membrani 
of  the  brain  and  spinal  cord,  we  would  here  simply  call  attention  to  i 
certain  impairment  of  motor  power  in  the  lower  extremities.  This  loa 
of  power  simiilatzs  paraplegia,  bnl  as  a  nile  is  only  partial  or  incwn 
piece. 

It  is,  however,  sutficiently  distinctive  to  deserve  the  term  of  "  alco- 
holic paralysis,"'  and  ts  indicative  of  a  condition  more  rooted  and  severe 
than  the  familiar  general  muscular  and  nervous  debility  that  .ittlicts  the 
habitti.ll  drinker.  While  in  many  cases  of  alcoholic  paraplegia  it  b 
evident  that  certain  pathological  peculiarities  must  exist,  snch  u 
chronic  meningitis  of  the  cord,  on  the  one  hand,  and,  on  the  other, 
thickening  of  the  membranes  of  the  brain  and  spinal  curd,  tugctbct 
with  a  wasting  of  their  substance,  it  is  in  other  cases  as  certably  evi- 
dent that  no  such  slrucliiml  change  is  present.  On  no  other  sup(x»!uafl 
can  we  account  for  the  rapidly  and  permanently  beneficial  effects  that 
so  frequently  follow  the  use  of  electrization  in  cases  of  alcoliolic  para- 
plegia. 
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CHAPTER   L 

Ehctro-iurgvy  it  that  branch  ej  eU{tri>-theriiptutics  which  ituhtJei 
the  tlectrical  treatment  of  the  diseases  eommonty  kntnon  as  surgical. 

Besides  the  four  medical  applications  of  electricity, — localized  farsr 
dizatton,  localized  galvanization,  general  faradization,  and  central  gal- 
vanization—all of  which  may  be  used  for  surgical  diseases,  it  includes 
gahano-cautery  and  eicctrotysis,  both  of  winch  tuay  be  regarded  as  ^le* 
culiar  to  this  department 

History  0/  Electro-Surgery. — Tlw  history  of  surgical  electricity, 
though  to  a  considerable  degree  interwoven  with  the  history  of  cleccro- 
therapeutics  in  general,  is  yet  suRiciendy  distinct  to  entitle  it  to  special 
consideration. 

Electro-surgery  was  bom  in  one  of  the  darkest  eras  of  electro-thera- 
peuHcs  the  decade  just  preceding  the  great  discovery  of  induction  by 
Faraday,  in  1831.  The  distrust  and  neglect  mrh  which  at  this  period 
especially  electro  therapeutics  was  regarded  by  men  of  science  was  due 
partly  to  the  reaction  that  inevitably  followed  the  extravagant  hopes 
that  had  been  raised  on  the  discover}'  and  pojiularizaiion  of  the  voltaic 
pile  at  the  beginnirig  of  the  century  ;  partly  to  liie  inconstancy  and  un- 
reliability of  the  pile  itself,  paitly  to  the  almost  absolute  ignorance  of 
the  profession  concerning  the  indications  for,  the  eflTects  of,  or  the 
inetho<!s  of  using  electricity ;  and  partly  also  to  the  fact  that  it  was  con- 
founded with  tne^inerisin,  which,  a.f[er  creating  absurd  and  wide-spread 
exctteiucnt,  had  fallen  into  deserved  and  permanent  neglect 

It  was  in  the  middle  of  this  era,  in  the  year  1825,*  when  the  cause 
of  electro-therapeutics  seemed  hopelessly  lost,  that  Sartandiere  f  called 
renewed  attention  to  this  desi>ised  agent  by  proposing  tlie  employment 
oi  electra-pwicture,  in  order  to  bring  the  current  more  directly  to  bear 
on  the  deeper  tissues.  The  first  experiments  were  made  with  statical 
electricity. 

The  subject  was  afterwards  studied  by  ^[age^die,  who  used  eleccrO' 

*  Two  j-ean  prevtoudy  (1S23)  VtitoA  uul  Dumas  hat!  attempted,  with  tome  lac- 
ens,  ih«  (lissuluiion  of  catruH  of  tlie  MaiMer  in  aiiimalis;  luid  tru-ny  ycinbcfcKe 
»ome  luri-Kal  dinca^Ck  had  been  trcateJ  clecuicall)',  IjuI  the  sut>jccl  was  uwt  iyilcaali' 
nlly  MuUieil  iiniil  iSz;. 

I  >Kiuwtroaui  I'Ltectra-panrturc,  Vvrn,  iSaj. 
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puncture  with  the  galvanic  current  (galvino-puncture)  in  the  treaimenl 
of  various  diseases.  At  first  clcctro-puncture  was  used  medically  more 
than  surgically.  The  treatment  of  ancuriBms  by  this  method  ms  o(  a 
later  dale. 

The  idea  of  causing  coaptation  of  the  blood  by  galvano-piincture  ni 
originally  suggested  by  Sciidantore.  and  in  1831  Gu^rard,  Pravaz,  ind 
Leroy  d'Etiolles  proposed  the  treatment  of  aneurism  by  this  method, 
which  was  first  pniclised  by  B.  Phillips,  about  the  )-eai-  (833,*  and  after, 
wards  studied  by  I.iston. 

In  i8j9  Schuster  successfully  employed  electro-puncture  for  the  tr«il- 
ment  of  hydrocele  and  other  serous  effusions,  and  in  1843  he  rcporteJ 
Ws  successes  to  the  l-Vench  Academy. 

In  1839,  and  the  following  year  also,  CnisscI,  whose  name  is  so 
prominent  a  figure  in  the  history  of  dectro-surger)*,  began  his  investigft* 
tions  on  electfoly&is.f  His  experiments  excited  liiitc  interest  tn 
profession. 

In  1843,  also,  Steinheil  and  Heider  suggested  the  theory  that 
nerves  of  teeth  might  be  killed  by  placing  a  platin-ra  wirr,  heated  by 
the  passage  of  a  galvanic  current,  in  the  cavity,  and  in  1845  Heider 
first  successfully  employed  this  method.  He  used  for  this  purpose 
one  very  large  clement  of  Grove.  The  operation  took  but  a  few 
seconds. 

In  1846,  Crussel,  whose  name,  as  we  have  seen,  is  also  to  be  remeni- 
bered  as  the  founder  of  electrolytic  treatment,  successfully  removed  by 
the  heated  platinum  wire  a  '*  large  fungus  bwrnatod^s,  situated  in  the 
frontal  and  ocular  region." 

In  the  same  year  Petri^quin,  of  Lyons,  obtained  successful  results  in 
the  treatment  of  aneurisms  by  galvano  puncture.  The  year  1846  may 
therefore  be  reg.irded  as  one  of  sjiecial  significance  in  the  history  of 
electro-surgery.  About  this  time  also,  the  same  treatment  was  used  by 
Burci,  of  Italy. 

In  1847  Bcriani  and  Milani  first  treated  varicose  veins  by  galvano 
puncture.  In  the  sn.irie  year  Crussel  published  his  melliod  of  treating 
ulcers  by  availing  himself  of  die  electrolytic  powers  of  the  galvanic  cur- 

*  EJticbscn'i  Surgery,  p.  513. 

f  FroTnmhold,  Elecirotberk|He  niit  bcsonderer  RUcksichi  •ufN'cTTtn'KranVhdtea. 
Pot,  i$6$,  p.  104. 

The  first  experiment*  with  dectroljnli  were  made  mudi  earlier  than  (tds;  Maoc^ 
ucording  to  Brenner,  Mangmrdini  and  I^rvlo  had  used  a.  aM<il«-fclM|«tl  electrode, 
connected  with  the  negklive  pole  (itnibaMjr  of  a  voltaic  |)ilc,  whldi  wai  then  jiut  00m- 
tnt;  into  nalicc),  for  die  treatment  u(  (pinj^rene.     /V/r  a/fi/itau'tiu  d*t  Gmfwmmiimi 
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This  author  observed  that  when  two  metallic  plates  ate  con- 
with  the  poles  of  a  galvanic  apparatus,  and  applied  to  the  bodyi 
very  di(Tcren(  effects  were  produced  at  the  two  poles — the  positive  act 
ing  like  an  acid,  and  making  harder  the  tissue  ;  the  negati^'e  like  an 
alkali,  and  causing  an  increase  of  Huid.  On  the  strength  of  this  ob- 
servation, Cnisscl  treated  ulcers  and  cancers  by  a  tlow  connected  with 
the  positive  pole  of  the  apparatus,  while  the  negative  was  in  the  hand 
of  the  patient.  1'he  result  of  this  treatment  was  to  cause  a  scab  to 
fonii,  which  fell  off,  leaving  tlie  sore  smaller  and  tnure  healthful  in  a{>- 
pcarance.     Repeated  treatment  of  tliis  kind  wrought  cures.        ' 

In  tlie  same  and  the  foltovring  year,  Crussel  formally  called  the  at- 
tention of  the  profession  to  "the  electrolytic  method  of  cure."  •  For 
the  treatment  of  strictures  another  method  was  subsequently  inves< 
ligated  by  Willcbrand,  Wells,  Ciniselti,  and  has  recently  been  revised 
by  Scouteten,  Mallcz,  Tripier,  and  others.  In  1850  Marshall  sug- 
gested and  successfully  employed  the  gal  van  o -cautery  in  llie  treattneat 
of  fistula;. 

In  1852  Baumgarten  and  Wertheimer,  with  the  co  operation  of  Mal- 
gaignc,  successfully  operated  on  an  aggravated  case  of  varicose  veins  in 
the  arm. 

In  1851,  also,  Ciniselllif  who  still  cultivates  with  distinguished  suc- 
cess the  department  of  electrolysis,  first  established  by  experiment  that 
the  alkalies  apprar  at  the  nfgative,  ami  the  acids  at  the  pontive  pole. 
His  method  of  demonstration  was  to  lay  a  piece  of  0esh  across  the 
edges  of  two  vessels  filled  with  distilled  water,  and  alternately  con* 
necting  each  of  the  vessels  with  a  pole.  The  acids  were  found  in 
the  vessel  containing  the  positive  pole,  and  the  alkalies  in  the  ves^ 
sel  containing  the  negative.  The  piece  of  flesh  was  shrunken  and 
burned.I 

In  1S33  Ellis  first  used  the  heated  platinum  wire  for  cauterization 
of  the  cervix  in  inllammations  and  ulcerations.  In  this  same  year 
Hall  succssfully  treated  a  case  of  ununited  fracture  by  galvano  punc- 
ture. 

A  great  and  important  impulse  wa«  given  to  galvano-cauiery  by 
MiddcIdorpfF,  who,  in  i854,publishcdhisce]ebratcdworkon  thesubject.|j 

*  Die  Elect rolytUche  Heilmethcxic.  Ntua  HnL-Chtr.  Zeitiiiii&  1847,  No,  7. 
Med.  Zeitiing  Rnsiluidi,  1S47  *^^  i^-     Quoted  trr  Meyer,  op.  rit.,  p.  474, 

t  Dell'  a^one  dumicm,  dell'  eleclricila,  Cremona,  tS$3. 

}  Brenner,  Untersuchungen  und  Beobachtongtn  auf  deni  Gebtete  tier  ElcktrotW- 
■pie,  Hd.  ii.,  p.  165. 

I  ThcG-ilvAiio-Cau*  Ic.  Bredau,  |5}4. 
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In  1855  Demarquay  removed  a  swelling  of  ihe  submaxillary  gtanJ 
by  galvano  puncture.  Jn  the  same  year,  Vergnts  and  I'oey  published 
their  experiments  on  the  removal  of  poisonous  metals  from  the  body  by 
the  electro-chemical  bath- 

Id  1856  Boiilii  caused  resolution  of  tumors  in  a  number  of  cases  bjr 
magneto  ciccljicity,  applied  by  means  of  metallic  disks.  Two  cases  of 
swelling  of  the  parotid  gland  were  in  this  way  entirely  cured.  In  llie 
ume  year  Meding  extracted  mercury  from  a  patient  who  had  long 
EulTered  from  mercurial  poisoning  by  means  of  the  electro-diemical 
bath. 

In  185S  and  1859  Zsigmondi  published  the  result  of  his  successful 
experience  with  galvano-cautcry  after  the  system  of  ACiddclJorpfL  In 
1S59,  also,  Delstanche,  Lehmann,  Rurdel,  and  Thenssen  reported  suc- 
resses  in  the  treatment  of  hydrocele  hy  /araiio-punclure. 

In  r86i  Braun  and  Von  Gruenem-ald  introduced  the  galranaciutety 
into  gyn.'ecology,  where  it  has  since  been  employed  for  the  removal  of 
polypi,  excision  of  the  cervix,  and  so  forth. 

Bo'.h  in  the  extent  and  the  variety  of  bis  operations  in  tlys  depart- 
ment MiddeldorjiPf  far  surpassed  all  his  predecessors.  He  de\-ised  a 
powerful,  though  somewhat  bulky  apparatus,  as  well  as  various  burrere 
and  loops  for  operating  on  different  parts  and  organs  of  the  bmly. 

In  1867  Althaus*  re\'ived  the  attention  of  surgeons  to  the  surgical 
powers  of  electricity,  by  reports  of  successful  experiments  in  the  treai- 
menE  of  nsvi  and  tumors  of  various  kinds  by  electrolyzation. 

During  the  past  Ave  years  extensive  researclies  have  been  made  in 
nearly  all  the  prominent  departments  of  Electro-Surgery  by  the  authon 
of  [he  present  treatise,  f  The  results  of  the  researches  are  recorded  in 
this  section.  Experiments  made  in  those  deparonenis  of  Electro-Phy- 
siology bearing  on  Electro-Surgery  have  already  been  recorded  In  ihe 
eection  on  Electro-Physiology.  During  the  same  ijeriod  tlie  various 
dc[Kirtments  of  Electro-Surgery  have  been  studied  by  Althaus,  Von 
Itiuns,  Byrne,  Groh,  NcRcl,  Duncan,  Newman,  Voltolini,  Caldrell, 
Prince,  ourselves  f  and  others. 

Surgical  compared  vvith  Medical  Electricity. — In  comparing  this  hU* 
tory  of  surgical  with  that  of  medtcal  cleclricily,  we  observe  a  number 
of  interesting  poii  ts  both  of  similarity  and  of  contrast.  Surgical  is 
much  younger  than  medical  elcctririty,  dating,  as  we  have  seen,  from 
1825.  In  neither  department  has  ilie  progress  been  uniform  or  consislcnt. 

*  Tumors  tnd  other  Surcrcal  Diseases.     18A7. 

\  ainieal  Rcicardiw  in  Elecrro-Surptry.  By  A.  D.  Roeliwetl,  A.M..  M.D.,  and 
C«orse  M.  Iie»u\,  \.M..  M.U.     WUliaiti  WuoJ  &  Co.     iSji- 


SURGICAL  AND  MEDICAL  ELECTRICITY  COMPARED.     6S? 

Eras  of  exlravagnnt  expectation  have  been  followed  by  eras  of  indif- 
ference, although  with  surgical  clcclricity  tlie  contrast  has  been  much 
less  n»arked  than  with  nieilicaL  The  interest  that  was  arotised  by 
the  introduction  of  electro- puncture  in  1825,  of  electrolysis  and  gal* 
vano-cautery  in  1S46-47,  was  followed  by  a  reaction  of  neglect  that 
allowed  the  whole  subject  to  sink  into  nearly  absolute  forge  (fulness. 
The  progrifas  of  surgical  even  more  than  of  medical  elecln'ciiy  has  been 
itnpeded  by  want  of  convenient  and  reliable  ai)paratus,  and  by  this  dif- 
ficuliy  is  ex]>lained  the  fact  that  so  few  workers  liave  entered  this  most 
iwornising  fitld.  While  the  number  of  experimenters  in  medical  elec- 
tricity, both  in  the  profession  and  out  of  ir,  and  in  various  countries,  it 
very  lar^e,  including  very  many  of  the  ablest  wTiters  of  modern  medical 
liicratiu-e,  the  practice  of  distinctly  surgical  electricity  lias  btcn  con- 
f.ned  to  a  few,  and  the  authors  by  whom  it  has  been  really  advanced 
could  be  counted  on  one's  fingers. 

Surgical,  unlike  medical  electricity,  has  been  studied  and  pursued 
mainly  by  men  of  s<;icncc,  and  the  proyrt-ss  that  has  been  made  in  it 
has  been  much  more  frequently  the  direct  result  of  scientific  observa- 
tion and  experiment.  'I'liose  )>hysicians  who  have  made  eras  in  medi- 
cal electricity  have  done  so  by  improving,  developing,  systematiiing, 
and  introducing  to  the  jirofession  methods  of  treatment  which  either  by 
charlatans  or  others  had  been  substantially  known  and  practised  before 
them.  Sarlandicre,  Stenheil,  Heider,  and  Crussel,  on  the  contrary, 
first  suggested  and  employetl  as  well  as  introduced  Ki  the  profession 
eleciropuncture,  galvano  caiiterj',  ami  electrolysis. 

Another  imi»ortaTit  distinction  is  this,  that  nearly  all  the  surgical  dis- 
eases for  which  electricity  is  em[iloycd  have  been  treated  with  more  or 
less  success  liy  otIu*r  uirthods,  while  in  many  of  ih.-  medical  diseases  in 
which  cicctriiation  has  been  most  sitccessful  it  has  been  the  chief,  and 
in  some  the  only  depemlence. 

I*'irally,  it  should  not  be  forgotten  that  the  surgical  successes 
ichicvcd  by  electricity  have  been  of  great  scr\*icc  to  electro- therapeu- 
tics ill  general.  A  6UT]gica1  opemlion  ap[>eals  to  the  eye  and  to 
mechanical  skill,  while  medicine  api»cals  more  to  the  higher  and  rarer 
qualities  of  reason  and  imagination.  Many  who  fail  to  comprehend  a 
conv])Iex  medical  fact  or  principle  may  be  fascinated  and  carried  to  en- 
thusiasm by  whatever  strikes  the  senses.  Hence  we  find  that  the  sug- 
gestion of  electro -puncture  in  1825  revived  an  interest  in  electricity 
that  its  purely  medical  applications  failed  to  sustain,  and  from  thai 
time  to  the  present  the  fortunate  operations  of  galvano-cautcry  and 
electrolysis  liave  aroused  the  attention  of  tiiany  who  had  no  faith  in 
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and  no  comprehension  of  the  remarkable  powers  of  clectncit)'  ovet 
nulrition. 

Temperament  of  the  PaiUnt  lets  imp&rtani  in  Surgical  than  in  Medi- 
cal Eleetrieity.—'iw  medical  electricity,  as  we  have  seen,  the  results  of 
treatment  largely  depend  on  tJie  temjxTatncnL  Some  can  bear  almost 
any  amount  of  electrical  treatment,  others  can  bear  but  a  little,  and 
others  still  can  bear  none  at  alt  (see  p.  354).  ^Ve  have  seen  in  the 
chapter  on  Hysteria  and  allied  AtTecrions  tliat  symptoms  for  which 
electricity  is  peculiarly  adapted,  and  over  which  iis  greatest  victories  are 
obtained,  sometimes  refuse  to  yield  and  are  indeed  aggravated  when  any 
Torm  of  electricity  is  used  by  any  mode  of  application,  for  the  reason 
that  the  temperament  of  the  patient  contra-indicatcs  electricity.  Tem- 
peraments that  will  not  bear  electricity  at  all  or  but  little  are  quite 
frequently  found,  especially  among  the  better  classes.  In  surgical  dis- 
eases that  are  treated  hy  distinctively  surgical  applications  of  electrici- 
ty the  temperament  need  not  usually  be  taken  into  account  Electro- 
surgical  operations  arc  of  a  thermal  or  chemical  character,  and  are  not 
dependent  for  their  success  on  the  idiosyncrasy  of  the  patient  We 
have  seen,  furthermore,  that  the  electro-susceptibility  of  patients  may 
appear  either  in  the  form  of  farado-suseeptibility  or  gahiaHO-susetpti- 
biVtty — some  who  can  bear  and  be  benefited  by  the  faradic  current, 
cannot  bear  the  galvanic,  and  viee  versa.  In  electro-surgical  operations 
the  possibility  of  these  special  idiosyncrasies  need  not  be  considered. 
It  is  true  that  patients  behave  very  dilTerently  after  electro-surgical 
operations,  that  some  suffer  from  irritative  fever  and  others  do  not, 
and  these  differences  of  effect  may  very  likely  be  due  to  differences 
of  electro- susceptibility,  but  such  differences  are  cot  usually  of  suffi 
dently  serious  importance  to  require  consideration. 
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Thk  de5nition  and  derivacion  of  electrolysis,  a&  veil  as  its  generaJ 
laws  and  phenomena,  have  already  been  given  (see  Electro- Piij-sica; 
Chapter  IV.).  lis  physiological  relations  have  also  been  presented  ia 
considerable  detail  (see  Electro- Physiology,  p.  91).  It  remains  fo( 
us  here  to  spcaic  only  of  cleclrolyws  in  its  surgical  relaiions,  and  to 
describe  the  rules  and  methods  or  Ilic  various  operaliujis  in  which  it  has 
been  found  of  service.  Electrolysis  in  surgery  is,  however,  so  closely 
de^icndcnt  on  electrolysis  in  physics  and  physiology,  that  no  one  can 
intelligcniiy  utilize  and  explain  it  in  operative  procedures  who  does 
not  also  understand  its  physical  and  physiological  relations. 

The  term  electrolysis  is  a  general  one,  and  signifies  decomposition 
by  electricity.  As  such  it  applies  to  the  electrical  decom[>ositton  of  in- 
organic as  well  as  organic  substances,  and  of  animal  tissues,  wlieiher  In 
health  or  in  disease,  living  or  dead.  Practically,  however,  the  term  is 
now  pretty  well  restricted,  in  elcclrotlicrapcutical  langnagc,  to  the 
electrical  decomposition  of  morbid  growths,  or  to  pans  affected  by 
chronic  inHaainiation,  by  means  of  some  form  of  needle  electrodes,  and 
although  more  or  less  eEectrotytic  action  takes  place  in  alt  applicationi 
of  the  galvanic  current  externally  or  internally,  yet  the  Icrni,  when  ap- 
plied to  any  clcctri<:al  opcratinn,  is  understood  to  imply  that  electro- 
lytic action  was  the  leading  effect  sought  for,  and  that  it  was  obtained 
by  needles,  or  at  least  by  some  form  of  metallic  electrode  more  or  less 
pointed  at  the  extremity. 

On  the  other  hand,  when  electrodes  with  very  large  surface  are  used, 
with  a  view  to  chemical  effect,  and  the  tranifer  of  fluids  with  absorption, 
the  process  is  called  catatysh.  Catalysis  depends  in  part,  at  least,  on 
electrolysis,  and  the  distinction  between  the  terms,  which  has  been  ob 
served  by  electro- therapeutists  is  practical  rather  than  scientific. 

Tht&ry  oj  BUclrolysis  of  Morbid  Living  Tissue, — For  utectrolysis, 
living  as  compared  with  dead  tissue  has  the  twofold  advantage  that  its 
solutions  arc  wariU'cr  and  thcrefare  better  conductors,  and  that  it  if 
capable  of  the  processes  of  absori>tioii. 
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When  needles  connected  with  the  poles  of  a  galvanic  bittt:Ty 
inserted  into  a  tumor,  a  threerold  action  is  produced. 

I.  Dtiompositien  pf  Us  fluid  Consiituents . — Hydrogen  and  alkalio^' 
soda,  potasaa,  etc.,  go  to  the  negative,  and  oxygen  and  acids  to 
(losilive.  The  Ei>ccial  character  of  these  electrolytic  phenomena 
depend  on  the  character  of  the  tumor,  and  the  rapidity  of  tlie  action' 
will  be  proportioned  to  the  relative  amount  of  its  duid constituents^  At 
Ihe  body  is  mostly  composed  of  water  holding  salts  of  potash,  soda,  eta, 
in  solution,  It  ts  a  good  electrolyte,  and  in  most  of  the  conditions  of  dii 
eatii:  undL-rgoes  rapid  decomposition.  Scirrhus  and  fibroids,  wficn  hard 
and  firm,  require  considerable  strength  of  current,  and  arc  electrolyicd 
with  coinparative  slowness.  Erectile  tumors,  which  are  almost  entire]}' 
of  fluid  composition,  can  be  electrolyred  very  rapidly.  Although  elec- 
trolytic action  takes  place  at  both  |ioles  when  inserted  in  tumors,  at 
when  inserted  in  inorganic  substances,  yet  this  action  on  the  whole  ap- 
pears to  be  the  more  vigorous  and  more  effective  for  causing  abaorptioB 
and  disintegration  at  Ihe  negative  pole,  and  in  practice  this  jwltf  i! 
usually  found  to  be  the  more  efficacious,  although  successful  results  aie 
obtained  by  the  positive  pole  or  by  both  combined.  Epichelioma, 
being  largely  composed  of  water,  also  decompose  rapidly. 

Reasoning  from  wlial  we  know  of  the  electrolysis  of  inorganic  sub- 
stances, it  is  pro|>er  to  assume  that  in  the  electrolysis  o(  a  maJignaol 
tumor,  for  example,  the  many  chemical  substances  of  which  it  is  com- 
posed undergo  manifold  comhin.iiLons  and  recombinations,  the  preasc 
nature  of  which  cannot  well  be  fully  divined,  and  the  practical  effect 
of  wliich  ill  causing  discu&sion  of  the  tumor  can  only  be  determined 
extended  clinical  experience. 

i.  Absorption. — Absorption  may  be  hastened  both  by  the  cbemn 
changes  that  take  place,  and  also  by  the  mechanically  irritating  effea 
of  the  needles  and  the  transference  of  the  anions  and  cations.  Thii 
absoqMion  takes  place  both  during  and  aficr  the  treatment-  In  some 
cases  it  is  not  at  all  observed  during  the  operation,  but  goes  on  slowly 
for  weeks  following.  Stimulation  of  absorption  is  especially  marked 
when  electricity  acts  on  hydrocele  and  cystic  tumors. 

3.  Disintegration  aud  Atrophy. — As  a  result  of  the  decompositioft 
ind  absorption,  and  associated  with  them,  the  tissues  become  dried, 
separated,  shrivelled,  and  the  tumor  decreases  in  bulk  and  may  entirely 
disappear.  All  these  processes,  or  rather  the  effects  of  these  processo, 
may  be  distinctly  observed  during  the  electrolysis  of  any  small  wen^ 
mole,  naivus,  or  w.irt,  both  during  and  after  the  operation.  Shoftly 
after  tlie  needle  b  nscrted,  the  growdi  will  be  seen  to  diange  in  color; 
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(he  skin  soon  begins  to  slirivcl  and  contract,  tike  an  apple  when  it  U 
baking.  The  next  day  the  growth  will  be  still  sniallcr,  and  perhaps 
nearly  or  entirely  obllieraled. 

Apparatus  for  Electrolysis. — Klectrolytic  action  b  chiefly  obtained 
by  the  galvanic  curretii,  aUhoiigh  there  is  little  question  that  the  faradlo 
current  (both  the  electromagnetic  and  magneloeleclric)  has  more  or 
le&s  electrolytic  power,  and  the  magneto-electric  current  bos  been  used 
in  electro-plating. 

The  luagnelo-electnc  rotary  machine,  as  constructed  by  Saxton  oi 
StOhrer,  is  capable  of  producing  electrolysis.*  It  has,  however,  for 
this  puri>05e,  in  therapeutics  at  least,  no  advantage,  and  decided  disad- 
vantages as  cotn|>arcd  with  the  galvanic  current. 

//  has  been  shffwn  thai  for  the  purposes  of  galvano-cautery  quantity 
with  vtoileraie  tension  was  required,  atid  that  this  was  obtained  by  a 
few  large  elements  ;  for  the  purposes  of  electrolysis  tension  ivith  mod' 
trate  or  fair  quantity  is  required,  such  as  is  obtained  by  a  considerable 
number  of  elements  of  medium  site  (see  chapter  on  Ohtn's  Law  in 
Electro- Ph)'sics,  p.  66). 

Any  of  the  galvanic  batteries  described  m  the  chapter  on  apparatus, 
can  be  used  for  electrolysis.  The  linc-carbon  batteries  arc  the  best 
for  the  purposes  of  electrolysis,  but  with  the  cabinet  battery  and  with 
most  of  the  combinations  and  moditications  of  Uanicll's  cells,  the  dec* 
trolytic  action  is  cunipara lively  feeble,  and  only  answers  for  trifling  oper* 
ations.  Deficiency  in  electrolytic  power  in  a  batterj'  may  to  a  certain 
extent  be  compensated  by  protracted  applications. 

Methods  of  Testing  the  Electrolytic  Batteries. — Batteries  may  be  ap- 
proximately tested  with  a  view  to  ascertaining  their  com|)arative  advan- 
tages fnr  electrolytic  operation,  by  the  amount  of  deflection  they  cause 
to  the  Tiecdle  of  the  galvanometer  of  known  construction  (p.  40) ;  by 
the  ra])idi[y  and  amount  of  dccuinpositiun  wliich  dicy  cause  tn  simple 
comp'^unds,  such  as  acidulated  water,  iodide  of  [WtassJum,  or  common 
salt,  and  by  their  capacity  for  heating  platiniuii  wire  (p.  71). 

An  approximate  test  for  the  qualities  that  are  needed  in  electrolytic 
operations  is  found  in  the  decomposition  of  iodide  of  potas&ium.  The 
rapi'IUy  with  which  this  yields  to  the  current  of  a  battery,  and  the 
amount  of  iodine  cvotvcd  in  a  given  time,  ver^*  fairly  indicates  the 
capacity  uf  that  battery  for  electrolytic  purposes-f 

*  See  Frommliold't  Elect  rotherapEe  mit  Hesaoderer  Rllclc^cht  mr  Kervni'Kru]lc< 
kettcn.     Pnt,  1865,  p.  104. 

f  In  experimeniing  iTtih  galvanic  iMltcrin  cnrc  miMt  he  tatcen  to  avnM  frequent  ot 
Iong-cu»lij'UCtl  coiincclivD  of  the  mftatiic  porticiu  of  ilie  eleclrodci,  «mcc,  on  uctjutU 
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N<edUs. — For  producing  electroty&ts  in  tissues  UtMirath  the  skin 
Dne  needles  of  gold  or  gilded  steel  arc  used.  The  advantage  of  the 
gold  is  that  it  resists  oxidation  better  than  any  other  mctaL  Gold 
or  gilded  needles  can,  however,  be  used  only  with  the  negative  i>ole, 
since  with  the  (losicivc  they  would  be  acted  oa.  The  conducion 
may  be  composed  of  two,  four,  i>ix,  eight,  or  more  needles.  The 
needles  may  be  insulated  with  hard  rubber,  or  collodioD,  or  shclUc, 
for  about  one-third  of  tlieir  length,  so  tiint  when  tiilioduced  into  t 
tumor  the  skin  may  not  be  acted  on  and  inflanimation  excited,  in- 
sulation, however,  is  only  necc^sar}-  in  tliose  cases  n-hcre,  a&  in  sub- 
cutaneous Dievi,  it  is  desirable  that  the  skin  sliould  not  be  aflectcd 
by  tlic  current. 

The  shape  of  the  point  is  of  conuderable  importance.  Round 
needles  arc  introduced  with  difficulty.  The  bayonet-pointed  nccdlct 
are  preferable.  The  comnion  glover's  needle,  as  5old  in  the  fancj 
stores,  we  have  found  to  be  easier  of  introduction  than  any  other 
form. 

Althaus  has  employed  a  conductor^  a  modification  of  which  is  reitfC- 
sented  in  the  following  cut ; 


Fifc  ij'. 
ConUuelor  (or  Klectrolj-sis. 

This  consists  of  a  conducting  wire,  composed  of  a  number  of  small 
wires  twisted,  with  a  number  of  branches,  each  one  of  which  is  to 
airangcd  tliat  it  can  be  attached  to  a  needle  after  it  has  been  introdacod 
into  the  pan  to  be  treated. 

The  ailvaiitagcs  of  this  arrangement  are  that  one  needle  or  more 
can  be  used,  and  that  the  number  can  at  pleasure  be  incrcAScd  01 
diminished  during  the  operation,  and  that  the   needles  can  be  intro- 

of  Ihe  feeble  rcsbilance  Ibin  oETeretl — metaU  twing  far  lieller  condHdon  iban  tbe  tin- 
ipsa  boily — poweirul  action  laka  place  in  |1>«  cell*  (u  U  ilHiwn  by  the  »cti«c  eirola- 
li->n  of  fAsu,  atienilecl  »ith  n  biMUii{>  ur  Ittuiu];  wiuulh  which,  ifaUmred  locoaUoa^ 
(.i^j  ktlu  \n  ait-'  r^ptdly  caniuwu  tlu  tine. 


BiToivet-pouited  Needles  for  Electrolysis, 
tasnUtcd  and  oon-lnaulaied  ( Kidder]. 


Fig.   x6o. 
Rockn-ell'i  Long  Ncedit 
far  Electrolysli  of  Utenia 
throueb  the  Vaelni  or  tlic 
WaUs  (ft  the  Abdomco. 


I  It,  lol. 

Necdiea  For  Elcclrotjsix,  witli  Rock* 

weU'»  Needle- Holden, 


Pic  rf». 

Beard's  Looe  Cutting  Neeolet  (or 
Ekctrolyiii  of  the  Buc 
(TIenunn  tnd  tialnaof  andk  Hfg.  Ca.| 


purposes  of  connection,  and  when  thumbscrews  are  out  of  order  01 
broken  off  it  very  well  supplies  their  place. 

Dr.  ^^u^^ay,  of  this  city,  has  employed  needles  insulated  at  both 
ends,  leaving  an  uninsulated  portion  in  the  middle.  lie  uses  these 
Dcedles  in  ihe  ireatmeni  of  hydrocele  and  c)slic  tumors.     TKcy  an 
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fntrodticed  so  that  the  insulated  portion  is  on  the  skin,  and  the  unin- 
Eutatccl  jmrtton  witlnn  the  tumor. 

Mflhod  of  Jnlroiiucing  the  Needles. — The  skin  in  some  parts  ol 
tb«  body  is  quite  tough,  and  needles  go  in  with  much  greater  diflv 
culty  than  one  might  suppose.  The  method  of  introducing  a  hypo- 
demtic  syringe  is  tlie  best  method  of  introducing  needles  for  electro- 
lysis. The  skin  may  be  pinched  up  and  kept  tense  with  the  left 
hand,  while  the  right  pushes  in  the  needles  the  required  depth.  If 
it  is  irapos<ubIe  or  merely  difficult  to  push  the  needles  in  as  far  as  is 
needed,  it  is  better  to  let  on  the  current,  and  allow  a  little  electro- 
lytic action  to  take  place  around  the  needle.  This  will  loosen  it  at 
the  negative  pole  (though  at  the  positive  it  m-ill  have  the  oppoMie 
e^ect,  and  bind  it  close  and  firm).  The  negative  needle  thus  loosened 
can  easily  be  pushed  further  in. 

The  pain  attendant  on  the  introduction  of  the  needles  is,  of  course, 
best  combated  by  full  annesthcsia  or  by  ether  spray ;  but  there  are 
many  cases  where  anresihetics  are  hardly  required,  where  ether  spray 
cannot  be  conveniently  used,  and  where  it  is  desirable  to  diminish  in 
some  way  the  pain.  A  mixture  of  ether  and  carbolic  actd  in  equal  parts, 
first  suggested  to  us  by  Dr.  Sterling,  has  a  positively  benumbing  effect 
on  the  part  to  which  it  is  applied.  The  mixture  can  be  localized 
to  a  very  small  spot,  and  the  benumbing  efTcct  begins  to  be  fctt  in  lesa 
than  five  minutes,  and  lasts  for  fifteen  or  twenty  minutes,  var>ing  with 
the  amount  used.  It  turns  the  skin  a  little  white.  The  disadvan- 
tage in  its  use  is  that  it  sometimes  makes  a  slight  sore  aflenvard. 

The  benumbing  influence  of  the  taradic  current  may  be  utilized  for 
this  purpose  (see  Eleclro-Anxsthcsia). 

EUftrolyzing  the  Base.  —  During  the  past  three  years  we  have  been 
treating  malignant  tumors  of  various  kinds  by  a  method  of  electrolysis 
whicli  Dr.  Beard  has  termed  working  up  the  base^  or  electrolysis  of  tht 
iast. 

The  ordinary  method  of  electrolysis  does  not  snflice  for  malignant 
tumors.  It  will  relieve  the  pain,  but  relief  of  pain  can  be  obtained  by 
simple  external  galvanization  without  any  needles.  It  will  cause  a 
certain  reduction  in  si?^,  but  this  reduction  is  almost  always  limited, 
rarely  exceeding  tea  or  twenty-five  per  cent.  In  suine  cases,  not  the 
slightest  perceptible  reduction  is  caused,  even  by  the  most  persevering 
use  of  elect rolj'sis.  When  powerful  currents  are  used,  there  must,  of 
course,  result  more  or  less  destruction  of  tissue  near  the  point  where 
the  needles  are  inserted,  and  by  successive  operations  the  entire  growth 
may  be  broken  down,  or  may  slough  away  after  the  operations  are  dii 


696  ELECTROLYSIS— ITS  NATURE   AKD  CEKERAL  METHODS. 

cominiied,  and  it  is  possible  to  extend  the  operations  far  into  the  tate^ 
and  surrounding  tissues.     Some  of  our  first  cases  were  treated  m  thi^f 
way ;  but  Jt  is  to  the  last  degree  awkward,  tedious  and  involves  a  great 
waste  of  time  and  force. 

Method  of  Operating  by  EUetroiysis  of  the  Base. — The  patient  mtdj^J 
first  be  fully  etherized.  The  method  of  operating  on  a  srnaH  ttinior  iii 
to  first  insert  the  needle  connected  with  the  positive  pole  undenieai'n 
the  tumor  and  near  the  border,  A  similar  needle  connected  with  ibr 
negative  pole  is  inserted  also  undernirath  the  tumor,  and,  if  possible,  il 
some  distance  below  iKe  base  of  the  growth,  so  that  the  point  emerge) 
on  the  opposite  side.  The  current  is  now  gradually  let  on,  and  the 
strength  increased  until  the  electrolysis  becomes  active,  as  will  be  in- 
dicated by  the  ycltonish  foam  that  appears  at  the  negative  pole.  gradB* 
ally  loosening  the  needle.  As  the  action  increases,  the  negative 
pole  may  be  slowly  worked  from  side  to  side,  with  a  slight  cutting  mo- 
tion, so  as  to  undermine  the  lumor.  llie  positive  meanwhile  rcmainj 
Iff  ritu  ;  it  becomes  firmly  adherent  through  oxidarion,  and  need  nc 
be  removed  until  the  close  of  the  operation. 


Ftc,  tfij. 

Hcdrulywi  nt  the  l«*e  in  *  caw  of  Ktrrbns  of  the  tman  Larcc  oiul  tone  at^a 
liv«  ntrcillc  m3iii|iiil.iicil  t)}'  *.hc  operator  in  the  licAJitiy  litwci  tom«  diitancc  'roM  Iht 
lionlcr  <if  ilie  iiiintif.  Coniicciion  made  Uy  ordinary  positive  necillc  tniened  near  tW 
boM  ofihe  lumot. 


r.lhe      I 


After  the  tumor  fnlls  off,  through  the  Hndcrtiiiniitg  of  its  Kisc, 
base  itself  can  be  worked  up  in  all  directions  with  the  needles,  ot 
with  the  harrow  rlrctrode  thai  we  have  devised  for  this  purpose. 
After  the  removal  of  the  growth,  it  is  well  to  change  the  position  of  the 
poles  in  working  up  the  base,  so  that  all  parla  of  the  surface  may 
get  the  benefit  of  the  action  peculiar  lo  both  poles. 
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If  the  tumor  Is  a  large  one,  as  an  extensive  epithelioma,  01  sciniiua, 
it  is  better  to  have  it  first  removed  by  the  knife.  The  base  can  then 
be  worked  up  in  the  manner  just  described. 

The  cavity  after  the  operation  has  a  charred  appearance  and  alarms 
the  patient  and  his  CHends  unless  they  are  forewarned. 


N 


■f 


Pic;,  id4. 

ETcctrolyiti  of  (he  liase  of  >  uirrhui  o(  ilic  hretMt  after  rm<i\-a]  nf  ifir  liimor  bjr  the 
knife.  KaiTDw  ctcctrotic  connccled  itith  the  nrgalivc  pole  ami  lun^;  cullini'  needle 
wilh  tlie  pcMtiive  jiole. 

The  time  required  in  an  operation  of  this  kind  ranges  between  ten 
minutes  to  a  half  or  three-r|iiartcis  of  an  hour.  Some  swelling  and 
cedema  in  the  surrounding  tissues  follow  the  operation,  but  little  or  no 
pain,  althongh  the  charred  appearance  of  the  cavity  that  ha.i  been  thor* 
oughly  electrolysed  is  sometimes  quite  formidable. 

Instrianents  Required. — For  this  method  of  working  up  the  base  Dr. 
Beard  has  dewsed  needles,  or  electrodes,  that  are  quite  different  from 
those  employed  in  the  ordinary  method  of  electrolysis.  The  needles 
ore  long,  spear  shaped,  double-edged,  and  tolerably  sharp,  so  that  a  slight 
cutting  Rction  may  be  combined  with  ihe  purely  electrolytic  action. 
These  needles  are  not  insulated,  except  in  that  portion  tliat  is  grasped 
by  the  hai^^d  in  0|KTating.  In  nearly  all  of  these  operations  wc*  have 
used  the  zinc-carbon  batteries  of  sixteen  or  thirty-two  cells,  and  usually 
those  of  the  Galvano-Faradic  Manufacturing  Company;  and  when  a 
good  deal  of  work  is  to  be  done  in  a  short  time,  as  in  important  electro- 
lytic operariorvs,  no  batteries  are  better  than  these.  The  various  mod- 
ifications of  Daniell  cells,  which  are  so  excellent  in  central  galvatiiza- 
tion,  axe  not  well  adapted  for  powerful  electrolysis. 

Theory  of  the  M^Vicd. — The  most  recent  pathological  investigations 
seem  to  point  pretty  clearly  to  the  vicir  that  cancer,  whatever  the  dia- 
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thesis  may  be,  h  a  local  disease,  and  affects  the  adjacent  parts  and  the 
general  system  by  actual  transfer  of  the  cancer-cells.* 

If  wc  acce])t  these  views  we  must  also  accept  the  view  that  caiKerf 
teAa/nrr  constitutional  treatment  we  adopt,  should  be  treated  toeaUy, 
and  by  seme  method  of  heal  treatment  that  aets  net  only  on  th*  body  of 
the  tumor,  but  also  and  eipeeially  on  the  snrrounding  tissue,  and  thai  lAi 
earlier  such  treatment  is  used  the  better  the  prognosis. 

When  we  remove  the  tumor  and  close  up  the  wound,  we  leave  ihe 
areola  mostly  nntouched,  and  shut  op  the  cancer  cells  in  a  soil  best  of  all 
adapted  to  nourish  thein.  Hence  we  need  not  wonder  that  the  disease 
recitrs  either  immediately  in«r  near  the  place  of  removal,  or  that  the 
cells  wander  to  some  distant  part  where  another  tumor  appears  after 
months  or  years. 

The  morbid  or  semi-morbid  tissues  that  surround  malignant  tumon 
lia%-e  been  treated  in  various  ways  by  caustics,  in  substance,  by  caustic 
needles,  and  by  the  actual  and  galvano  cautery.  So  far  as  wc  can  learn 
from  the  experience  of  surgeons  who  have  faithfully  tried  any  one  nr  all 
of  these  metliods,  the  results  arc  more  satisfactory  than  the  result  of 
ordinary  treatment  by  the  knife  or  ligature. 

The  theoretical  orgtiments  that  electrolj-sis  of  the  base  would  pro* 
duce  more  radical  results  than  the  nsc  of  caustics  are  based  necessarily 
on  our  ideas  of  the  nature  of  the  electric  force  and  of  the  process  of 
electrolysis.  When  electrodes  connected  with  the  two  poles  of  a  gal- 
vanic battery  are  inserted  into  the  animal  tissue,  the  ribraiions  of  ihi 
electric  force  not  only  pass  between  the  electrodes,  but  extend  to  % 
cunsideraLle  distance  in  all  directions  from  them,  and  much  (urther 
than  the  direct  effect  of  caustics  would  reach. 

Advantages  of  the  Method. — i.  Less  liability  to  recurrence  of  malig 
nant  tumors. 

We  have  kept  close  watch  of  a  majority  of  the  cases  that  have  been 
treated  in  this  way  during  the  past  three  years.  In  (he  list  of  cases  are 
found  several  epithelioma  of  the  lips  and  face,  and  one  case  of  malignant 
C)'Stic  of  the  neck.  But  one  of  the  cases  of  epithelioma  of  the  lips  and 
face  has  yet  recurro  1 ;  although  the  time  that  has  elapsed  since  the 
treatment  varies  all  the  way  between  three  years  and  four  months. 
The  case  of  malignant  cystic  has  not  yet  recurred.    It  is  yet  too  early 

*  See  "  A  Lectnre  on  the  Structore  of  Cuietroas  Tumon,  aod  tbc  Mode  in  whicb 
Adjacent  Partf  &re  invided,"  b^  Or.  Woodward,  AssiUftnl  Surgeon,  U.S..V  The 
Toitcr  LeciiLics  of  tbc  Smithsonigui  Institute,  Washington,  November,  tS7>  See 
aiu  the  recent  and  admirable  diieussion  on  (he  rahjeel  by  Urt.  [>e  Morsaa,  llulclki 
•OA,  rn^t,  and  others  i"  <l>e  l^tftt  Tor  Mardt  ami  April.  1S74. 
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to  arrange  any  statistics  on  this  subject,  for,  as  every  surgeon  knon  s, 
some  cases  of  epithelioma  arc  (wmiajiently  cured  by  the  knife,  and  their 
prognosis  under  ordinary  surgical  treatment  is  better  than  that  of  sof- 
rhns  of  the  breast,  or  indeed  scirrhus  aa>-where. 

Some  hopeless  cases — notably  a  case  of  scirrhus  of.  the  rcclum,  and 
epiihelioma  of  the  vagina — we  have  treated  by  this  method  in  order  to 
pd.Uiate  the  symptoms  and  prolong  life,  and  with  tiie  most  interesting  and 
remarkable  results.  Indeed,  we  have  been  as  much  encouraged  by  the 
palliative  effects  obtained  in  these  hopeless  forms  of  malignant  disease 
as  by  the  apparently  radical  cures  of  milder  cases- 
It  follows,  from  the  theoretical  considerations  above  given,  and  ex- 
perience confirms  this  view,  that  the  results  of  this  method  of  working 
up  the  base  will  depend  entirely  on  the  therougftitess  with  which  the  op- 
eration is  performed.  If  the  base  be  but  half  clcctrolyzed,  if  patches 
of  morbid  tissue  be  allowed  to  remain,  then  there  will  be  a  recurrence, 
in  all  probability,  just  as  after  other  modes  of  operating. 

a.  Less  hemorrhage  than  other  methods  of  o|)crating.  The  reason 
for  this  has  already  been  explained — electrolysis  coagulates  the  blood, 
constricts  the  tissues,  and  slightly  cauterizes  them.  Ordinary  paren- 
cb>*niatous  hemorrhage  is  thus  controlled  in  the  most  satisfactory  man- 
ner, so  that  if  a  strong  current  is  used,  neither  sponges  nor  styptics  axe 
required. 

3.  I^ss  liability  to  shock.  We  form  this  judgment  from  protractc<i 
ojwraiions  made  on  patients  in  various  stages  of  debility,  and  in  the 
extremes  of  life,  infancy  and  old  age.  We  have  not  yet  seen  any 
effect  at  all  suggestive  of  shock,  after  very  long  sittings  under  strong 
currents,  even  where  sensitive  localities  were  operated  on.  The 
electric  current  would  indeed  appear  to  be  one  of  the  very  best  anti- 
dotes to  shock,  and  for  a  long  time  it  has  been  known  and  used  as  a 
means  of  resuscitation. 

4.  It  is  followed  by  a  more  Ealisfactory  healing  than  other  operations. 
This  fact  has  been  observed  markedly  in  several  severe  and  hoptlcss 
cases,  and  has  attracted  the  attendon  of  all  the  surgeons  who  have 
seen  the  cases. 

5.  There  is  reason  for  the  belief  that  the  future  will  show  that  septi- 
oemia  and  pysemia  are  less  likely  to  follow  electrolysis  than  other  surgi- 
cal 0]>eration5.  It  is  more  than  probable  that  electro lyzation,  like 
Gouterizadon,  constringes  the  absorbents  so  that  they  cannot  absorb 
pas. 

6.  To  all  these  facts  must  be  added  tlie  consideration  that  many 
patients  dread  the  knife — n-ithout  reason  it  may  be,  and  without  couii 
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mon-scnx;  bat  patients  arc  not  expectt:d  to  exercise  reason  or  com 
lnun-sens1^ — and  such  persons  are  willing  to  siitHiiit  to  electricity,  how 
ever  employed. 

The  advantages  of  working  up  the  base  by  electroty&is,  ai  coniparcff 
with  working  up  tfi*?  base  by  caustic,  the  actual  cautery,  or  the  galvan* 
cautery,  are  wortliy  of  study. 

Disaiivaii/ages  of  the  Metfwd. — i.  It  requires  apparatas  more  or 
less  bulky,  and  they  require  more  or  less  experience  in  tlieir  manage- 
ment. 

2.  Eltctroljlic  operations  frequently  require  more  lime  than  opera- 
tions with  the  knife  or  ligature,  and  in  some  cases  the  operation  must 
be  repeated. 

If  etectrotysis  prbduCMl  shock,  this  element  of  time  might,  jierhaps, 
be  a  serious  one  ;  but,  inosmiirli  as  it  appears  lo  act  as  an  antidote  to 
shock,  and  as  the  stimuhis  oi  the  current  allows  us  to  prolong  anxsthe- 
Bia  with  safety,  and,  as  in  many  of  the  cases  where  electrolysis  is  uxd, 
treatment  by  knife  or  ligature  is  contraindicated,  this  objection  need 
not  deter  ns  from  reaorting  to  it. 

3.  The  irritative  fever  that  followrs  powerful  and  prolonged  electro- 
lytic operations  is  Bometime^  severe.  The  parts  around  the  tuntor 
opcrate<]  on  become  more  or  less  swollen,  but  are  not  usually  painful, 
and  ihis  sweUing  also  soon  subsides. 

It  is  proper  to  state  that  the  ordinar>-  method  of  electrolysis,  if 
thorotighly  used  and  repeated  a  siiflicicnC  nimiber  of  times,  may  tun  into 
Ihis  method  of  working  muhe  base,  and  in  epithelioma,  at  least,  may 
accoinplihh  good  results.  Tlie  body  of  the  tumor  may  he  gradually 
broken  and  destroyed  ;  and  then,  in  successive  0|icrations,  the  needles 
may  be  made  to  m-ork  up  the  base  and  surrounding  tissue.  Groh,*  o( 
Vienna,  has  used  this  method  with  success  in  quite  a  number  of  ca-«e3 
of  epithelioma,  as  well  as  of  sarcomatous  growths.  We  have  used  the 
same  method  in  epithelioma,  .and  with  succc:is.  The  method  has, 
however,  the  sufficiently  serious  objection  (hat  it  5rst  wastes  the  time 
and  strength  of  the  patient  on  unnecessary  treatment  of  the  tumor,  and 
is  only  successful  in  proportion  as  it  falls  back  on  the  method  of  work- 
ing up  the  base  and  surrounding  tissue. 

*  Dit  Eittlrafytii  im  dtr  CAirttrgie,  Vienna,  187 1.  Groh  hu  ftlao  Imted  mrd* 
lOAtotii  growths  by  wry  prolonged  electro!  )r^ii,  ¥rith  ratid  currents.  This  metlioJ 
trenis  tu  luvc  greater  ioconveiitences,  williout  en/  cooapennting  wlvuita^es. 
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OALVANO-CAUTXRY. 


GaIzano-Cantfry, — Galvam-cautery  is  (auteriMtha  by  a  rtsfrfitg 
Unr<  heattd  by  the  galvanic  current.  It  is  very  often  confounded  with 
etecirolyiiis,  but  as  we  have  seen  electrolysis  is  the  decoiiipositiun  of  a 
coii)|K>ttnd  substance  by  lucans  of  electricity.  A  slight  cauicming  ac. 
tion  may  indeed  accompany  electrolylic  opt-ralions,  but  it  is  incidental 
merely,  and  i^  not  a  part  of  the  electrolysis,  nor  the  end  desired. 

It  is  a  law  of  electricity  that  when  it  passes  through  a  resisting  wire 
it  raises  its  tem^raiure  in  proi>ortion  to  the  rcsislaiice  of  the  wire  and 
the  quaniiiy  of  ilie  electricity  (see  Elec to- Physics,  p.  So).  T/te  win 
thus  heated  is  enpable  of  producing  cauterizing  effects.  Hlatintim  offers 
a  greater  resistance  to  the  passage  of  the  electric  current  ihaii  any 
other  metal  except  mercury  and  lead,  and  is  therefore  used  in  galvano* 
cautery.  It  will  be  seen  at  once  that  the  electricity  is  not  applied  to 
the  body,  as  in  the  various  forms  of  electrisation,  but  ouiy  the  wire 
heated  by  the  passage  n/  the  current. 

Adxantage  of  Gahaiw-Cautery  over  the  Actual  Cai^/rrj*.— The  one 
great  advantage  uf  the  gal vano -cautery  over  the  actual  cautery  ts,  of 
course,  the  fa.ci  that  tkc  heat  in  Uie  wire  connected  with  the  battery 
cin  be  controlled  at  will.  It  can  be  let  olT  and  on,  increased  or  diniiii- 
iftlied  at  pleasure  and  instantaneously.  With  the  actual  cautery  such 
control  is  manifestly  impossible. 

Heat  is  heat,  however  obtained  \  and  the  heat  of  a  plaiitmm  wire 
through  wliicli  a  curreiil  is  passing  has  probably  no  advantage  as  such 
over  the  heat  of  a  poker  that  has  been  thrust  into  the  coals.  The 
advantage  lies  simply  in  the  fact  that  la  the  one  case  the  heat  is  under 
the  complete  control  of  the  operator  during  a  long  operation  if  neces< 
fcary  ;  in  the  oilier  case  it  is  not  under  such  control. 

Apparatus  /or  Galvano-Cautery. — Gal  van  o -cautery  operations  re- 
quire batteries  compo:ed  of  a  few  large  cells.  Rarely  arc  more  than 
eight  ccUs  n^ed,  and  (ht  'jest  batteries  can  be  turned  into  orte  or  two 
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cells.  The  batteries  employed  in  electrolysis  or  in  ordlnir}*  galrania 
tion  are  not  available  fur  galvaiio-cautery — vue  zTrsa,  galvano-cauterj 
baiicrics  are  of  btit  little  use  id  electrolytic  operations  or  in  ordioaiy 
galvanization.  The  ex|>lanation  is  to  be  found  in  the  cliapler  on 
Otim's  Law  (sec  Kleciro- Physics,  pp.  77-95). 

There  has  been  great  practical  difficulty  in  obtaining  galvano-cauterj 
batteries  that  wouht  be  at  once  sufficiently  j^owerTul  and  convenicnti) 
portable.  The  origiDal  battery  of  Middcldorpff  was  extremely  heavy 
and  in  every  way  inconvenient,  though,  like  all  combinations  of  Grove's 
cells,  it  was  very  powerfjl. 

During  the  past  decade,  and  notably  during  the  past  five  yttn,  the 
progress  In  ihe  direction  of  portability  and  convenience  of  galrano- 
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Bjrme's  Maltiplc  Element  Battery  (Sliepard  &  Dodlejr). 

cautery  batteries  has  been  rapid  and  decidwL  In  this  deportment  nc 
one  has  labored  harder  or  more  successfully  than  Dr.  John  Byrne,  ol 
Urnoklyo,  N.  Y.     After  long  and  tedious  experimenting,  he  has  coca 
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pleted  a  galvano-cautcrj-  baUcry  that  in  as  portable  and  easy  to  manage 
as  any  galvanic  battery  far  electrolysis  or  ordinary  galvanization. 

Batteries  that  are  non-portabte,  or  at  least  not  easily  so,  are  also 
niade  by  all  the  companies  that  manufacture  electrical  instrnnicnti 
Some  of  tlieiii  that  wo  shall  describe  are  most  excellent,  'lliose  who 
make  a  large  use  of  galva no- cautery  will  iirobably  require  two  kii^ds  ol 
batteries— portable  ami  stationary-  just  as  they  require  portable  and 
staiionary  faradic  and  galvanic  apparatus. 


nH^^ 


'  "■    ■  Fit-.  lAj. 

Fig.  166  represents  the  Piffard  galvano  cautery  battery,  and  is  not 
only  reasonably  compact,  but  exceedingly  efficient.  The  box  contaitiB 
six  cells  of  vulcanite  and  a  platform  of  hard  rubber,  to  which  are  fas- 
tened the  line  and  platinum  i)lates.  On  the  top  of  the  plitrnrm  are 
Bcven  conducting  posts,  six  connecting  screws,  and  a  handle  (used  in 
connection  with  the  long  arm)  for  holding  the  elements  when  not  in 
use  and  by  which  they  are  lowered  into,  or  taken  from  the  cells,  For 
the  purpose  of  agitating  tlie  Hitid  and  increasing  the  cautery  power, 
there  are  pivots  on  each  side  of  the  i)Iatform,  by  means  of  which  the 
elements  are  readily  moved  with  a  rocking  motion.  The  box  enclosing 
the  cells  is  g  inches  long,  64  inches  wide,  and  10  inches  high. 

One  of  the  most  successfui  att'rmpts  to  combine  a  suitable  degree  of 
strength  with  compactness  and  lightness  has,  perhaps,  been  made  by 
Kidder  in  the  battery  represented  by  Fig.  167.  It  is  composed  of  but 
two  hard  rubber  celts,  with  elements  of  zinc  and  ctrbon— each  cell 
measuring  ,^J  inches  in  length,  2I  inches  in  width,  and  will  rcLiin  a 
number  ly  iilaiinutu  wire  at  a  white  heat  for  more  than  a  quarter  of  an 
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hour.  The  elements  are  made  tu  move  ou  small  wheels  horiiODi&ny, 
111  their  reiatiuti  lo  the  lluUl  in  the  cells.  This  is  a  great  iw)irovenicnl 
on  the  old  nicthud  uf  blon-ing  with  an  air>bulb  for  the  puipose  of  pro- 
ducing  agitation  of  the  duid,  aud  coii&etiiietil  iacrcaitc  of  mrTcnt 
Strength,  and  seems  to  us  to  tiiorc  thorotighly  displace  the  battcTT 
dittd  than  any  oiher  method.  For  very  prolonged  operations  ibis  link 
battery  u  hardly  sutticient,  and  sliould  be  replaced  by  the  larger  ibmi, 
cunsisting  uf  lour  cells. 

Byrnds  MuUiph  Element  Galvano-CatUery  Battery. — Byrne's  COiU- 
binalion  of  ziiic*carbon  dements  is  the  most  compact  and  portable  bat- 
tery tor  galvaJio -cautery  purposes  yet  constructed,  and  for  its  sue  has 
greater  heating  power  than  any  other.  This  battery,  in  tts  latest  modi- 
Eicatiui),  consists  uf  zinc-carbon  celU,  in  a  case  fiix  inches  long,  nine 
inches  high,  and  nve  indies  wide.  The  plates  of  each  cell  are  split  up 
into  a  number  uf  smaller  plates,  all  of  which  are  contained  iu  one  jii 
of  fluid,  and  are  connected  at  Ute  top.  By  this  arrangement  more  sur* 
face  both  of  the  zinc  and  of  tlie  carbon  is  expoKd  to  the  fluid  dun 
when  the  ptatcs  arc  nut  so  subdivided.     Ik-^ides  this  arrangeiu«ni  girci 
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Galvano-Camery  Bailcry  wi,tb  tLandle  and  wire-loop  (Meyef  ft  Mrllier,  LjoaJoa). 
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SHCFAF.  ;    uLUD  LEV.  IM.V. 

Plo.  iSt.  Fio.  tSi.  Fin,  iSj.    flu.  iS^ 


7o6 


GALVANO-CAUTERY. 


many  comers  and  angles  on  trhich  the  excitmg  fluid  acts  witb  greater 
vigor  than  on  smooth  surfaces. 

The  jjlates  arc  very  near  ic  each  other,  from  i^  to  |^  of  an  inch,  30 
that  the  internal  resistance  of  ihc  battery  is  coQii>aiativcly  small 

The  arraiigenieot  is  such  that  one  or  two  cells  can  be  used  as  ma; 
be  required.  The  healing  power  of  this  small,  hght  battery,  is  quite 
remarkable,  and  is  indeed  hufficicnt  when  well  nurtured  for  a  very  large 
number  of  electro-surgical  o^wrations. 

Dr.  Byrne*'  says  that  he  has  found  by  ex|>criment  tJiai  greater  heat 
may  be  obiained  from  120  inches  of  surface  in  tlie  multiple  element 
form  (three  inches  by  five)  than  from  37S  inches  of  surbce  with  dc- 
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187.         l9S.         1S9.      T90k     141. 
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merits  four  times  the  siw.  While  the  battery  made  of  large  elements 
would  bring  five  inches  of  platinum  wire  to  a  red  heat,  the  multiple 
element  b.ittery  wouhl  raise  the  same  wire  to  a  burning  white  heat 

Careof  Gak^xnaCauUry  ArZ/rnW.  —  I n  order  to  attain  the  ma»i- 
mum  of  |K)wcr  from  galvano-catttcr>'  batteries,  and  to  keep  them  in 
good  working  order,  much  more  care  is  necessary  than  in  the  casecrf 
ordinary  batteries  fur  galvanization. 

•  Eleciro-Oautery  in  Uterine  Surgery,  p.  67. 
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The  reasons  for  this  are  twofold  : 

I.  The  chemical  action  is  very  vigorous  because  the  solutions  are 
strong  and  the  circuit  is  metallic  throiighoiic.  In  ordinary  external 
galvanization  or  in  electrolysis  the  resistance  of  the  body  interposed 
in  tlie  circuit  is  so  great  that  only  a  small  quantity  of  electricity  can 
Ik  evolved  (sec  chapter  on  Ohm's  Law) ;  hence  the  zinc  is  not  so 
rapidly  consumed. 

a.  Tlie  galvano-cautery  batteries — especially  the  portable  varieties — 
have  comparatively  little  reserve  power.  If  the  solution  becomes  old 
or  the  plates  become  corroded  badly,  the  heat  generated  may  be  loo 
feeble  for  ini]}ortant  operations. 

It  is  therefore  necessary  to  frequently  renew  the  solution  entirely, 
and  not  in  part,  as  is  so  often  done  with  ordinary  galvanic  batteries. 
With  ihe  portable  zinc-carbon  batteries  it  is  a  great  advantage  to  thor- 
oughly soak  the  carbons  in  tepid  water  after  each  operation. 

A  practical  point  of  much  importance  is  that  when  the  zinc  pUtea 


Fic  194.      Fic.  1$].    Fic.  ijr6.    Fin.  197.    Fic  itfi.    Fic  [99. 
VaiuusfoTniiii  oT  huicllcs  wire-loops,  cAUt«rli«r^  frnd  «o  forth,  for  gal vajio -cant err 
o?enilkiiu  {^licfiird  &  UutUey,  UAivano-KaiBdie  Mfg.  Co.,  and  Kidder). 

9ecotne  much  worn,  and  the  distance  between  the  carbon  plates  is 
correspondingly  increased,  the  internal  resistance  of  the  batteries  is 
l^reatcr  and  the  power  ia  diminished. 

Accompany  in  s^  Instrumenis. — In  the  operation  of  gilvano-cauteiy  a 
large  number  of  burners,  loops^.  and  handles  is  used.  These  are  of  every 
variety  and  con  be  adapted  by  Ihe  operator  to  tlie  needs  of  any  spe- 
cial cose. 
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Uses  ff  the  Galiaao-Cautery. — l*he  special  purposes  fii  whk 
golvano-cautery  has  bcmi  recoiuiueadud  and  employed  oie  the  idi^M* 
iiig:— 

1.  Removal  of  tumors  of  vnrious  kinds,  in  paru  that  are  not  readilfl 
accessible  to  the  ordinary  methods  of  cxtirjialion — pcdtculitcd  tuawn 
of  Uie  larj'fijt,  polypi  of  the  larynx,  naso  phirj-ngeal  space,  externa 
auditory  canal,  vagina,  rcciiiiii,  and  uterus-  Moligiunt  tumors  ia  inj 
acccisible  positioo  auy  be  removed  by  galvaiio<autcry  in  order  lo 
avoid  hcniOrtliaj*e. 


t^ 


TurrL£Mr. 


Fir,. 


Fio,  aoi. 
Gftlvano-cautery  operating  case  (Galruio-Fandie  Mfg.  Co.). 

2.  Aiuputation  of  diseased  organs  or  parts  of  organs,  Ukc  the  Dc 
of  the  uterus,  the  tongue,  eta,  as  a  palliative. 

3.  Cautcri/ation  of  ulcers. 

4.  Cauterization  of  chronic  inllamniations  of  mucous  menilirane, 
the  urethra,  nasal  duct,  conjunctiva,  etc. 

5.  Cauterization  of  cancerous  tumors  to  stop  the  hemorrhajjc 

6.  Cauterizaliou  of  the  base  and  tissue  surrounding  malignant  tumc 
that  have  been  previously  removed  by  the  knife  or  ligature. 

7.  Cauterization  of  erectile  tumors  so  as  lo  causu  coagulaiton,  ab^ 
sorption,  and  in  some  cases  sloughing. 

8.  Trcaitiient  of  fistuUe,  by  cauterijiing  the  fistula  alone,  or  by  cau- 
terizing sunounding  parts,  or  by  cauterizing  both  the  ai>cning  ainl  the 
parts  »iirtoimding,  or  by  o[>ening  '.he  tislnla. 

9.  Treatmctit  of  neuralgia  by  cauterizing  ami  killing  tltc  nerre. 
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10.  Treatment  or  probpsus  uteri  hy  cauterizing  wiili  ihi;  burners  the 
vaginal  walU,  and  thus  causing  intl.inmialion,  suppuration,  and  cicatricial 
contraction. 

Adxsiniai^es  of  the  Gatvano'Ciiutery. — The  anlvantagei  of  Ihegalvano- 
cautery  over  the  acma.1  and  potential  cautery  and  the  ordinary  opera- 
tions by  cutting  instruments  i^re  these  : — 

1.  It  can  be  used  on  parts  that  are  not  easily  accessible  to  ordinary 
Inslrunients. 

a.   It  save^  all  or  nenrly  all  hernorriiage. 

3.  It  combines  the  after-cauccrizing  effect  with  the  other  results  of 
the  o|>eratian,  as  is  som^iiuies  desirable. 

4.  It  is  more  sure  in  its  action,  and  can  be  more  accurately  localized, 
especially  in  cavities,  than  the  orflinary  methods  of  cauterization. 

S-  It  is  but  litdc  painful  after  the  operation,  and  is  rarely  or  nrver 
dangerous. 

6.  It  is  followed,  like  electrolysis,  by  a  more  satisfactory  healing  than 
by  the  knife  or  ligature,  and  as  after  electrolysis  there  is  less  lijliility  to 
p)'«mta. 

The  one  disadvantage  or  chc  galvano -cautery  is  the  difficulty  ol 
managing  the  necessary  apparatus. 

Tltis  ditftcitlty  ia  now  ditiiiniahing  ;  the  advances  that  have  recenti) 
been  made  in  this  department  will  bring  the  galvano  cautery  within  the 
reach  of  all  who  arc  willing  to  devote  the  amount  of  attention  which 
a  new  department  must  at  tirst  demand. 

There  is  reason  to  believe  diat  m  the  future,  with  accessible  and 
compact  appliances,  the  use  of  the  galvano-catitery  will  be  greatly  ex- 
tended. No  one  can  e.xj>e(t  to  tuccecd  with  the  galvanocautery  who  is 
ntft  to  some  degree  a  master  0/  e!ectro-physics. 

Allies/or  the  Use  cf  the  Guivano-Cautery, — t.  For  all  large  and  im- 
portant operations  fresh  fluid  should  be  used  in  sufficient  quantity,  and 
the  battery  should  be  in  all  respects  clean  and  in  good  order. 

In  the  use  of  the  galvanic  current  for  ordinary  galvanization,  fluid 
needs  entire  renewal  but  rarely,  and  if  an  evaporation  or  waste  reduce 
the  strength,  simply  pouring  in  new  fluid  into  the  old,  or  ponring  in 
water  alone  will  answer  to  bring  up  the  battery  power  to  the  necessary 
stand  nrd. 

2.  llcfore  beginning  the  o|icration,  the  apparatus  should  be  in  thor- 
Quglj  prc])aration.  Our  baitcry  should  be  tested,  and  the  handles  and 
wires  or  knives  should  be  carefully  overhauled,  so  that  there  may  be 
no  chances  of  bad  connection  or  bad  working  of  the  screws,  wheels.  Of 
other  .appliances. 
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3.  In  all  o|>erAtions  of  importance  it  is  almost  indispensable  to 
an  assistant,  whose  exclusive  duty  it  shall  be  to  iiimier&e  ami  lake 
ihc  elements  as  may  be  required  during  die  various  steps  of  the  0[> 
lion,  or  to  use  the  bellows  or  air-bulb  to  increase  tlie  strength  of  lltti 
current.     Ttjc  operator  will  have  all  he  can  do  to  control  the  Insu* 
ments  in  his  hands. 

4.  The  strength  of  the  airrcnt  employed  in  the  oiicraiion  should  be 
carefully  adapted  to  the  size  and  length  of  the  wire-loop  or  knife  ttot 
is  iistid  in  the  operation.  If  loo  great  a  quantity  of  electricity  h  cjei! 
for  the  size  and  length  of  the  wire  loop,  the  wire  may  break  before  en 
during  the  operation — very  likely  very  near  the  close  of  the  operati 
to  tlie  annoyance  of  the  operator.  If  too  little  quantity  of  clectricii 
is  used,  the  loop  or  knife  will  not  be  sufficiently  heated,  and  will 
bum  tl\rough  ihe  tissues,  or  if  the  tissues  are  divided*  hcmorrli. 
may  occur. 

As  the  loop  (^rows  smaller  near  the  end  of  an  operation,  the  quantity 
of  electricity  should  be  dimmished  by  raising  the  elements  somewhat 
in  the  solution,  bo  that  less  surface  may  be  exposed  (H^ine). 

Accurate  judgtuent  in  this  regard  can  only  come  from  carefid  and 
repeated  prelimbary  experimentation,  and  frooi  entire  familiarity  with 
the  battery  employed. 

5.  In  the  case  of  malignant  growths  of  all  kinds,  the  heated  wire, 
loo]>  ur  knife  should  gu  sullicifntly  far  beneath  or  around  the  growth 
a»  to  include  healthy  tissue.  In  aiuputalion  of  tlie  cervix,  for  example, 
the  wire  should  be  placed  above  the  ulcerated  or  indurated  part  50  is 
to  remove  tlie  entiro  cervix,  and  very  much  more  if  the  disease  cxtcads 
far  into  the  body  of  the  uterus. 

In  some  cases  this  would  be  impracticable,  and  then  it  is  necessary 
to  abandon  all  liopes  of  radical  or  permanent  relief,  and  conlenl  COT; 
selves  with  ])allia[ion  merely. 

6.  In  cases  where  the  wire-loop  is  u&ed,  the  traction  on  it  by 
wheel  or  other  contrivance  should  be  very  gradual,  ajid  by  intervalit 
that  the  surfaces  of  the  parts  exposed  may  be   thoroughly  caulcrixed. 
The  temptation  is  to  make  the  operation  brilliant  and  brief,  by  rapi 
contracting  the  loop.     Those  operators  who  yield  to  this  lemptali 
may  be  annoyed  by  immediate  or  secondary  hemorrhage. 

7.  When  the  shape  and  position  of  a  part  to  be  excised  ore  toi 
thai  a  loop  cannot  be  adjusted,  a  groove  should  first  be  burned  around 
the  part  by  the  galvano-cautcry  knife  (Hyrne). 

8.  The  wire-loop  or  knife  should  be  accuraiely  adjusted,  and  be  per. 
fectly  in  position  before  the  connection  is  made  and  the  current  lel 
on. 
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9.  TI1C  loop  should  not  be  contnicted  until  it  lias  iiassed  into  the 
subinncous  tissues,  and  when  passing  tliroiigh  superficial  or  cellular  tis- 
nie,  the  wire  should  not  be  brought  tn  a  white  heat  (Byrne), 

10.  In  protracted  operations,  where  delay  is  necessary  between  the 
different  slaves,  tlie  elements  should  be  raised  out  of  ihe  soluiion  when 
the  current  is  not  needed,  so  as  lo  rest  the  battery  and  economize  its 
force. 

Adaplai'on  of  Galvano-Cauiery  te  variem  Departments. — In  the 
adaptation  of  galvano-cautcry  to  any  of  the  special  dcpartinenrs,  one 
necdi  to  be  guided  by  the  general  principles  already  iaid  down.  The 
efficient  contrivances  and  modifications  of  apparatus,  and  ormo<lcs  of 
operating,  will  depend  on  the  skill  and  experience  of  the  surgeon.* 

Pr.  Byrne  prcst-nis  the  following  resumi  of  his  operalioiis  with  the 
gal  vano- cautery. 
"  19  esses  of  epithelioma,  including  cauliflower  cancer. 

encephaloid,  or  medullary  cancer. 

catarrhal,   inllammaiory,  ami  ulcerative  aiTections  of  tlie 
cervical  canal  of  uterus. 

anipiitatiitn  of  cervix  (mm-malignant), 

fibrous  and  fibro-cellular  polypL 

sessile  fibroid  tumors. 

deep  ulceration  of  os  and  cervix. 

intrauterine  vegetation  (n  on -malign  ant), 

vascular  tumors  of  urethra. 

granular  tirethrilis. 

hemorrhoids. 

peri n CO- vaginal  fistula. 

lipoma  of  scalp. 

lipoma  of  check. 

lilK>ma  of  car. 
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Of  the  lliirty  cases  of  malignani  disease, 
17  were  of  ihe  uterus  alone. 

7     "        "      uterus  and  vagina. 

3    "        "     perina:um  and  vagina. 

I  was  of  the  left  labium. 

I     "        "      clitoris. 

I     "        '*      breast. 

*  On  the  {[icciAliIcpari meat*/ the  adapuiionof  tliegalvano-cautery  lo ^luccolof/, 
■u  ircll  ft*  fur  rnlual.l*  mi^gcMiorii  in  rrgmnl  lo  (pilvano-caulpry  In  [^fiipril,  wc  roaj 
relcr  lo  I'c,  ilvnic'*  wi^rk  iiii  ihc  Kkvuu-t.'aulcrv  in  l.'icTi(uc  Sumawi. 
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Among  the  nineteen  cases  of  epilheliomt, 
7  were  inJuraied  or  ulcerated  only,  and 

I  ?  were  of  tlie  vegetating  or  cauliflower  character.     Of  the  latter, 
7       "      "       cervix  uteri  alone. 
3      *'      "      iicrinxuni  ami  vaginx 
I  was  restricted  to  the  leA  labium. 
t  ofilie  clitoris." 

Dr.  'I'lionias  Brj-ant,  of  I-ondon,  has  recently  published  the  rciulls 
a  large  variety  of  ex]H.'riinents  with  tliis  fonn  of  "  bloodless  %at- 

Tbe  cases  of  ajiiputaiion  of  ihc  cervix  uicri  wHth  the  galvano-cauierf 
that  have  been  attcmptccl  by  the  surgeons  of  the  Woman's  Hospital, 
with  ilie  assistance  of  Dr.  Rockwell,  liave  proved  entirely  sal tslaciofy. 
In  these  cases,  if  the  pblinuni  wire  be  of  sntficienl  size,  and  the  cntting 
be  done  slowly,  not  a  drop  of  blood  need  be  lost. 

The  galvano-cautcry  has  been  ascd  by  ophthalmologists  for  the  cau* 
terization  of  granular  lids,  and  inflammations  and  abscesses  of  ihc  lachry. 
nial  ducts.  By  atirisis  it  has  been  used  fur  the  reinoval  of  poljin  and 
other  tumors  from  the  external  auditory  canal.  By  laryngologists  it  has 
been  usctl  for  the  leniovai  of  nasal  and  naso-pliaryngcal  |iol]iti»  ^^^  the 
cauterization  of  granular  iiillatuniatioiis,  fur  Ihe  cauterization  and  mno\'al 
of  various  laryngeal  growths,  and  for  tracheotomy.  One  of  die  most 
successful  workers  in  this  branch  is  Vultolini.* 

Id  the  rectum  the  galvnno-cautery  has  been  recently  utilized  for  oper* 
ation  on  fistuKi:  and  for  tlic  removal  of  piles.  By  general  surgeons  it 
hai  been  used  for  ninputationj  and  for  tiic  treatment  of  cpithetioma  and 
other  malignant  growths. 

Tlie  fuliuwiiig  operation  Liy  the  gal va no-cautery  is  a  good  iltuslratkm 
of  its  value  ariU  ctficicncy  : 


Cask  CXCVIL— Wc  were  requested  by  Prof.  J«tnci  R.  WockJ  to  »«  wiUi  Mm  • 
paticDl  [rum  whom  he  tiod  sotoc  lime  befors  reinuved  a  cancer  of  the  lip.  The  nam. 
uu  nuw  raftering  from  a  largtrr  giowth  of  a  niali)^anl  citaracler,  siltnttnl  oa  tW 
rifihi  »i.!c  of  the  necV,  and  a.iyicrcnt  apiiarently  to  ihe  liyoid  lx>iit  The  (nmco-  wu 
so  cxcM  tin^ly  va»^.iilar  that  it  was  thougln  not  einedicnt.  by  I>r.  Wowt,  to  n*«  thm^ 
fciiife,  am!  I.e  thctcfotc  .letcntiiiiel  to  try  ilie  galwwo-rtutefy.  The  paticDt  ba* 
been  cthcriict  by  l>r.  J  W.  Hunt.  I>r.  WooJ  pruceedo!  to  iliwect  luck  t»«  ski»i 
but  the  subMance  of  the  tunor  wm.  foani  lo  l»e  w  thorotigWy  Iwoken  do*p.  iLol  u 
w»i  resolved  to  eflirpve  thorousWy,  without  re^nl  to  iia  coverina.     The  dtcuo- 

•  nie  AniwrnlHii';  der  pnfvinn.VaTr-tiV  in  Inn<ni  de«  KrMlopfennu!  Schlundkeplcv 
Wrin.  1S73  t>n  tl««  AjYil'^^'f'^"  "^  ^^^  Gal irano -Cautery  to  Laryngolocy.  S«e  «*hi 
ColLCo't  Diseasn  of  the  TIiro«t,  l87> 


STORAGE  BATTERIES. 


7n 


ferenee  of  (he  Inmor  wi*  ^o  gre»t,that  inMca-i  of  atltmpting  t<>  enelrdc  itx  wlioTe  at 
once.  Dr.  Wool  pierced  it  at  iii  haw  «n>I  rentrc  by  a  grooved  liitcclor.  awl  along 
Ihw  wc  thnw  the  free  en'!  of  mir  platinum  wire,  and  an  it  c»mc  out  at  ihc  oppOMie 
•We,  it  »!'  f4ilCTei  in  llie  oiljer  half  .>f  the  operaling  handle,  ihuifurming  a  loop 
arouiifl  one-half  of  the  tumor  at  its  In^c  The  crrcnil  wa*  now  do»ed.  the  loop 
gTa'liiaUy  conlracied.  an-!  the  amputation  of  the  portion  enclo*«d  ^>ce<!ily  aceom- 
pli*hert.  Th«  other  half  of  the  cnUtfgemciit  vrns.  in  the  same  way,  reaiiiljr  cut  away. 
Substituting  now  the  cautery  knife  for  the  wire,  as  much  of  the  atiricrlylng  tissue  wa» 
removed  •*  could  be  with  safely  atlemple^l,  owing  to  the  position  of  the  dlseaic 
During  the  operation  only  an  insij^ifiaint  amount  of  hlnol  wav  loM,  and  bat  one 
CTnail  artery  called  for  ligation.  No  untoward  jtymptom*  followeil.  and  Ihe  patient 
made  a  good  recovery. 


^>',wJ 
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Kiii.  WW. 

Siorage  Batteries, — The  storage  baiteries  are  coming  into  quite 
general  use  for  the  purposes  of  galvano-cautcry. 

Ill  the  battery  reprcsenlej  by  Fig.  202  the  plates  are  of  cast  lead 
covered  with  litharge,  and  works  on  the  principle  of  polarization. 
These   plates  are   immersed  in  a   jar  containing  water,  acidulated 
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the  batteries,  the  water  in  the  jar  is  decomposed,  oxygen  and  hydro- 
gen respectively  being  deposited  on  the  different  plates  of  lead.  In 
this  way  a  so-called  polarized  current  results,  and  on  connecting  the 
conductors  with  the  upright  posts,  through  which  the  cell  has  been 
charged,  a  current  of  electricity  is  obtained  sufficient  to  heat  plati- 
num to  incandescence.  Fig.  203  represents  the  storage  cell  hermeti- 
cally sealed,  rendering  it  easily  portable. 

For  the  purpose  of  charging  the  storage  battery  the  gravity  cell 
of  the  Watson  improved  type  is  highly  recommended  (Fig.  204). 
For  each  cell  of  the  storage  battery,  four  gravity  cells  arranged  in 
series  are  required,  and  when  not  in  use  the  storage  cell  may  remain 
connected  with  the  charging  cells.  AVhen  an  incandescent  electric 
lamp  circuit  is  accessible,  it  can  be  made  a  convenient  substitute 
for  a  primary  battery,  and  the  storage  battery  can  be  charged  in 
much  less  time, 


CHAPTER  IV. 


BENIGN   AND    UAI.ICNANT  TUUOU. 


'Vnt  success  of  the  electrolytic  procedure  m  benign  and  miHgnint 
tumors  depends  on  the  method  used.  One  may  fail  by  one  process  and 
succeed  by  another,  just  as  in  any  other  surgical  operation.  The  ten- 
dency has  been  to  be  satisfied  with  the  mere  employment  of  galvano- 
puncture,  without  regard  to  the  method,  and  tu  accept  the  resnlis, 
whether  favorable  or  imfavorable,  as  serving  to  settle  the  question  of  the 
valjc  or  uselcssness  of  clcciriciiy  in  surgerj-. 

In  eleclralysis  everything  depends  on  the  method  ;  and  with  the  same 
iiicihod  skill,  care,  and  thorouglmess  may  succeed,  when  awkwardnets, 
carelessness,  and  inattention  fail  utterly.  The  failure  of  clcctiolysil  in 
any  form  of  tumor — benign  or  malignant — is  not  to  be  counted  a  re- 
proach until  wc  know  the  actual  mctliod  used  and  the  character  of  the 
operator. 

The  errors  that  have  been  and  are  continually  made  In  electrolytic 
uperations  begin  and  end,  as  we  have  seen,  in  ignorance  or  forgetful- 
ncS4  of  the  1.1WS  ,ind  facts  of  clcctro-phpics  and  electro- phj-siology,  and 
especially  of  the  former.  No  one  can  be  a  scientific  and  successful 
ciectiv  surgeon  without  also  being  more  or  less  of  an  electro  physicist. 

N/CV[ — ERECTILE   TUMORS — ANGIOMATA — MOTHER'S   HARKS. 

Naevi  (erectile  or  vascular  tumors)  are  both  cutaneous  and  subcti- 
lancous.  The  terms  cutaneous  and  subcutaneous,  however,  simply  in- 
dicate a  dificrence  in  scat,  but  not  in  kind.  The  two  forms  are  often 
35sociatcd,  and  Che  wide-spread  dikttation  of  cutaneous  vessels,  attended 
with  little  swelling,  that  are  commonly  called  '^  mother  s^Hits,**  lire  evi- 
denlly  sinnhr  in  character  to  the  subcutaneous  variety  to  which  Bell 
gave  the  name  of  nnciuism  by  attastomusis.  Krcctile  tuniois  may  be 
either  venous  or  arterial. 

This  variety  of  tumors  may  be  treated  by  the  ordinary  inetlioJ  o( 
electrolysis,  widi  a  good  probability  of  success,  provided  the  condiliooa 
of  success  are  skilfully  observed. 
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It  ii  first  of  all  necessary  to  understand  that  to  cure  all  forms  of 
erectil*  tumors  electiolytically  vritliout  leaving  any  scir  or  trace  u 
.simply  ini possible.  In  many  cases  and  notably  in  tliosc  of  larger  si^e, 
^and  which  aie  [}artly  cutaneous  and  partly  subcutaneous,  sooner  or 
Inter  destruction  of  tissue  i^  requisite  to  bring  about  a  cure ;  and  de- 
ftmction  of  tissue  after  electrolysis,  like  destruction  of  tissue  aAcr  the 
use  of  other  agents,  is  followed  by  cicatrization. 

When  the  nxvus  is  siiiall  and  su[)erficial,  (hen  a  mild  electrolytic 
operation  niaybe  followed  by  a  shrinking  of  the  tumor,  and  a  rapid  and 
iwmianeiit  absorption  of  the  dt^bris  without  any  scar ;  but  such  cases 
can  hardly  be  said  to  constitute  the  majority.  The  scars  following  the 
clectrulylic  treatment  of  r«:vi  may,  however,  rapidly  disappear  ;  at  least 
llie  little  patient  may  in  time  entirely  outgrow  them. 

It  is  necessary  lo  be  understood,  in  the  second  place,  tliat  the  elec- 
trolytic operations  for  naivi,  as  for  other  kinds  of  morbid  growths,  are 
usually  siiHiciently  painful  to  require  some  form  of  local  or  general 
arue&lhesia.  It  is  almost  absolutely  jrf/f  to  give  ctlier  to  young  chiU 
dren  ;  and  the  operation,  even  though  it  be  but  very  short  and  but  little 
painful,  can  be  conducted  far  more  siicces}:fully  when  the  child  is  anuS' 
ihutized  ttun  when  jt  b  not.  VVith  adults,  and  sometimes  with  children, 
local  anesthesia  by  ether  spray  is  sufficient ;  but  it  is  generally  inferior 
lo  general  atLxsihesia.  The  struggles  of  ihe  child  to  get  free,  its  terroi 
at  the  sight  o(  the  instruments,  can  all  be  saved  by  a  carefully  axhninis- 
tered  anxsthetic  The  details  of  the  operation  differ  with  the  site  and 
character  of  ihe  tumor.  Success  has  followed  the  use  of  both  poles  id 
the  tumor,  or  only  one,  while  the  connection  is  made  by  a  sponge-elec- 
trode  on  some  indifferent  point  If  the  tumor  be  small,  and  but  one 
|>olc  is  used,  it  is  better  Uiat  it  sliould  be  the  positive,  since  die  clot 
formed  at  the  positive  pole,  though  small,  is  hard  and  firm.  If  the 
luinor  be  large,  needles  connected  with  both  poles  may  be  used. 
Whether  one  or  more  needles  are  to  be  used  depends  on  the  size  of 
the  tumor,  but  generally  one  needle  connected  with  each  |>oIe  is  suffi- 
cient. If  man}'  neeiUes  are  used,  it  is  difficult  to  manage  them  ;  and 
&oine  may  fall  out,  and  thus  disturb  the  operation.  It  is  better,  as  a 
nile,  to  lake  out  die  needle  at  dlfTerent  stages,  and  insert  it  io  various 
parts,  until  the  entire  growth  is  acted  upon.  We  have  sometimes  found 
it  of  advantage  to  reverse  the  current  during  the  operation,  so  that  all 
portions  of  the  tumor  may  be  acted  on  by  bodi  j)oles.  Insulation  of 
the  needles  is  only  retjulred  in  the  case  of  entirely  subciilaneoiis  tumors 
^-where,  as  in  the  case  of  aneurism,  it  is  desired  to  produce  a  coaguluiD 
[which  may  be  slowly  absorbed^  without  injury  to  die  skin. 
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TIic  length  of  the  ojieration  may  range  between  fire  and  hrenty-6v< 
Diinulcs,  according  to  the  strength  of  current  used,  the  size  of  the  needlei 
and  llie  sue  oftlie  tuinoi. 

Th(^  great  point  in  all  electrolytic  operations  for  nxvi  u  to  d«  jutt 
enough  U'ilhout  doing  too  much.  If  the  opeiaiion  be  not  reasonably 
thorough,  absoption  will  not  take  place,  or  the  tumor  may  recur.  If 
Uie  operation  be  luo  extensive  or  prolonged,  the  destniction  of  tiuae 
may  be  greater  than  is  needed,  and  the  subsequent  cicatrization  nuy 
amount  lo  at  least  a  lem|iorary  defonnity.  For  very  large  and  seoi- 
cutaneous  or  serni-stibcutaneous  nicvj,  that  exhibit  a  tendency  to  sptead 
in  all  directions,  it  is  necessary  to  place  the  needles  at  or  near  the  bsse 
of  the  tumor,  and  in  the  surrounding  tissue,  among  the  enlarging  ind 
tortuous  vessels,  in  a  manner  somewhat  resembling  the  method  of  ckc- 
troly/ing  the  base  of  malignant  tumors.  If  such  tumors  are  treated 
timidly,  no  good  result  will  come,  and  the  operation  may  be  several 
times  repeated  without  satisfacdon. 

The  advaniagcs  of  Ihe  electrolytic  procedure  in  nsevi  are  these  : 

I.  In  siuaU  and  superficial  tumors,  the  cure  may  be  effected  with 
Utile  or  no  scar.  On  the  face  and  other  exposed  parts  of  the  bodyi 
this  advantage  is  very  great. 

3.  In  large  nfevi,  and  those  which  are  partially  or  entirely  subcu* 
lancous,  the  liability  of  recurrence  would  be  less,  and  probably  the  «• 
tent  of  the  clcatrixation  would  be  less  than  after  the  ordinary  method  of 
treating  these  growdis, 

Stt^utatuttu  tTHtiit  tumor  »J  ikt  rigAi  tM^k  ;  ttmflHtrttMttry  /otltnu  tlttlrtlytk 

irattmtnt, 

Casi  CXCVIII,— In  April,  1871,  Dr.  D.  F.  Rcj-noMs  conia!l«1  usm  regard  t«  tV 
aae  of  11  lilUc  cliild  aged  ci);lit  monihi,  who  wu  aiDictCii  by  a  nibcuuncotu  crcctik 
tumor  In  the  I'xi^A  cheek.  It  appcured  shortly  after  Wnh,  and  hail  [:ra(ttt>llycnUrsc4 
until  the  dale  mentioned,  when  it  mrz^ured  one  and  a  liatT  tnchcs  in  width  and  Inm 
one<lialf  to  ihrDeK|u.irter«  of  an  inch  in  deplk  Upon  firm  prevwre  ihe  enliri^mcnl 
would  alinotit  eolircly  disappear.  The  pilieiit  liarins  Imch  pUc«d  under  Ihc  iaf)ua<« 
tf  chlorororm,  weopemlcd  at  BcHcvue  Ilo^^^ial,  in  tbeprctenceor  ]>r.  Frank  Ham. 
lllon  and  liisclus.  by  ijitrodudng  into  the  four  quartcrt  of  (h«  lumor  lour  anaQ 
gilded  sicei  ^ccdl&^  insulated  to  williiu  one-quarter  of  an  Inch  of  the  pointv  Two  ol 
the  nccdle«  are  coniiecced  wHth  the  po^live  and  two  with  the  nc^tivc  pole. 

During  the  pA'ua^eofa  currrnl  of  very  moderate  tencion  the  cnlaii^cnteni  etarlBally 
(few  harder  and  more  promiDent  at  ihe  blood  coacu^ated.  and  at  the  expinitaa  o( 
cichi  minuict,  when  the  neeilles  were  withdrawn,  the  part  was  quite  finu.  TbediB4 
■uiTcied  no  inconvenience  during  or  atter  the  operation,  and  when  seen  the  nm 
morning  wn«  a«  well  and  {Jayfnl  as  utual.  The  jiroocv  of  alnorption  nxMt  tmaM* 
najufctl,  and  in  two  monlhi  ihr«c-<tuaricn  iif  the  clot  haJ  dtuppeared. 
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Froin  Ihii  time  ihere  wu  a  moat  tnarkeil  ()e«e«se  io  the  rapUilx  of  ■bsorplion, 
maee  bat  two  tnonthi  more  were  required  before  Ibe  clot  had  entirely  dJMppeared. 

A  large  ttrUriaJ  tumor  in  a  weak,  ill-tMurtsfu^  eUld ;  the  rentti  0/ tUetrofyiie 

treatment  uH-taiit/atlary. 

Cask  CXCIX. — Annie ,  nchilda^^d  oncyur,  was  diroclet)  to  u*  bj' Dr.  It.  P. 

Funtiam.  Oo  her  back,  over  the  upper  dor&al  vertebra  we  found  a  lar^e  lluctualiitg 
vterUl  tumor,  nearly  two  inches  in  diamctei  at  iii  base. 

The  duld  was  markedly  anxinii:,  and  her  general  condition  was  tsnch  bclaw  par. 

li  was  thougtii  best,  however,  to  operate,  and  in  the  presence  of  Drj.  Fftrnham, 
Pinkocy,  Otant,  and  others,  the  needles  were  usi^l  in  [lie  &aiiie  manner  as  Id  the  |ve- 
rioijt  case.  Coaeaktion  was  readily  produced,  but  owing  to  some  onpleaunt  synip* 
toiiu  in  the  respiration  of  the  ctiiUl  the  needle  were  wiLfadrawn  (ai  tl>e  piogreaa  of 
the  caw  nibwquently  atte&led)  a  little  prematurely. 

Absorption  set  in  very  slowly  indeed,  and  aflet  a  few  weeks  ils  elfecls  were  trarely 
perceptible.  After  a  couple  of  months  it  was  evident  tl>at  the  circulaiton  in  one  par* 
tion  was  be^iitiiiiif  to  b«  re-atabll^hed,  but  thte  mother  refu^ci  to  allow  anything 
more  to  be  <inne  for  the  little  patient.  It  should  be  stated  iliat  on  the  night  foUow- 
ing  the  uj^ration,  tlie  cliild  was  allowed  to  lie  upon  its  back  with  the  bard  enlarge- 
ment of  coaj*ulated  blood  entirely  unprotected.  Subsequently  a  soft  circular  ring 
was  prepared  and  placed  aruutid  the  tumor,  but  the  iirilation  alicady  caui«d  by  the 
presture  was  followed  l>y  slight  ulceration  autl  diMrharge. 

This,  however,  healed  iu  the  c<jun«  of  two  weeks.  bLit  it  undoubtedly  contributed 
towards  the  general  unnthfactory  result.  The  sluwness  with  which  the  ahiorbini* 
prticflw  was  carried  on  i&  to  Le  attributed  ujidoubledly  to  iinpaiJcd  ituiritiun,  and  lie 
re-eitahlidiment  of  the  cifcnlalion  mainly  to  theunfortunate  necesaJty  of  cutting  ihoit 
Llie  operation. 

Artftattraiilt  tumor/romitrihimafhiiJJipttn  mvtUht  »id ;  tompttt*  rtftsmy 
tinder  t*KhetytatUit, 
CASSCC.^Ina  little  cluld  fifteen  iti->i)ib»  oM,  upon  whoM  face,  near  the  an^ 
of  the  I'lwcr  jaw,  a  Mnall  erectile  tumor  had  exited  from  birth,  clecirolysls  was  com* 
pleiely  successful.  The  patient  was  placed  under  the  Intiucnce  of  chloroform,  and 
two  platinum  needles,  iusulatctl  to  withiti  one-third  of  an  inch  of  the  points,  atid 
connected  with  the  positive  pole,  were  Introduced  Into  the  two  lower  quarters  of  ihl 
tumor ;  while  two  steel  needles,  connected  witli  the  n^ralivc  pule  and  iii.sulated  in  a 
similar  manner,  wer<;  thrust  into  the  two  up)>er  quarters.  The  current  from  twelve 
oiedium-iiiKd  cetli  of  a  duc-corboii  battery  was  alluwed  to  pass  for  ten  minutes  at  the 
end  of  which  time  Ihc  coagntaiion  was  complete.  Ahiorption  of  the  clot  rapidly 
became  manifest,  and  in  four  months  it  liad  entirely  disappeared,  leaving  no  scar. 

In  subseqiteiit  operations  we  have  not  hesitated  lo  use  steel  or  gild's)) 
needles  for  the  positive  pole,  since  die  oxidaiion  which  these  ncedlei 
undergo  in  all  probability  tends  to  accelerate  coagulaiion. 
St^utanma  trtttiU  tumor  treated  by  etettrolyih ;  t0»  itroHg  tnrreHti  uitd ;  mt- 

jtfuent  lUugking. 
Case  CCl. — A  the  request  of  Dr.  Ceo.  K.  Smith,  we  opera:cd,  November  33, 
1871,  on  a  case  of  subciilaneous  erectile  tumor,  just  over  the  inner  angle  of  the  eye 
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tn  a  cJiOiI  sixiDeii  raonlhs  of  igc  The  lumor,  which  was  fthout  the  sue  ol  a  hue)- 
uuu  could  eOMly  be  cotnpreiicd.  The  child  was  thoroughly  etherised  wilh  Um  aiuC' 
ioce  of  Ur.  K.  H.  Colion,  and  Uirce  iiuulated  Dceijles  were  uif«f1cil  inlo  Um  luiiur- 
Iwo  cunncctcd  with  the  positive,  and  one  wilh  [he  negalive  pole. 

The  current  wiLa  fioin  sixteen  weak  celU ;  the  thincg  twenty  ininntex.  The  coim 
ot  the  tumor  chnngcd  during;  the  operation  and  bcnmc  hard  through  Jw  coaguUtmi. 
!iat»c<|ucntl]r  the  tumor  tJoughed  at  certain  poinli^  uid  the  result  wu  ool  fuiiCiOwy, 
ancc  a  dcfunnity  wa&lcft  that  may  be  pemiiucot. 

The  mistake  we  made  was  in  using  too  strong  a  current  and  undulf 
prolonging  the  operation.  In  out  desire  to  avoid  repeating  the  opeiii- 
tion,  wc  went  to  the  other  extreme. 

The  delicate  skin  of  the  child  was  sa  afiecled  by  the  action  of  the 
current  that  sloughing  ensued  in  spite  of  the  insulation  of  iJie  needles. 
This  mistake  is  one  t)tat  can  be  easily  avoided. 

Dr.  Rockwell,  by  a  somcwlmt  rare  coincidence,  treated,  within  &  com- 
paratively short  time,  fotir  widespread  nxvi  involving  the  nose.  The 
first  case,  sent  by  Dr.  Lafayette  Ranney,  submitted  to  two  O|)er3tion& 
The  first  succcssftilly  obliterated  tlic  dilated  vewcls  of  one-half  the 
nose;  but  circiilaticm  bccaming  re-esublishcd  in  the  other  haif,  a  sec- 
ond operation,  performed  after  an  inter\'al  of  several  months,  resulted 
in  complete  recovery.  I'he  second  case,  sent  by  Dr.  Stephen  Smith, 
was  apparently  successful ;  but  as  it  passed  from  under  his  obserrattott, 
he  is  uninformed  ol  the  ultimate  result.  The  remaining  cases  iccoverrd 
promptly  after  a  single  operation,  and  with  hardly  an  appreciable  scar. 

Ors^  I..  V.  Sa&&  and  R.  P.  Lincoln,  of  this  city,  have  coromuuicitcd 
(o  us  the  details  of  an  interesting  case  of  successful  treatment  of  t 
venous  erectile  tumor  of  the  neck  : — 

The  i-atlent.  Gen.  K.,  aged  33,  of  nervous  temperament,  represented  thai  [a  .Apri^ 
l!i69,  after  a  special  cfTi^rt  in  public  EpeRlcing,  he  Iclt  a  pain  in  ht&  nccl:,  ot>  the  M 
(iilc.  Six  weclc*  later  a  siuJl  tumor  nppc:ircd  in  the  localiiy  of  Ihc  pain,  which  la  1 
tew  uunllu  increased  much  in  size.  It  wiu  subscijucntly  reduced  tiy  sulpliiu-tiulis 
ca(hariic%  tincture  of  lodiite,  etc.,  but  returned,  and  in  I'ebrnary,  1S70,  wai  agaia 
reduced  by  the  ume  trulinent,  wliich  leTl  him,  however,  exoecdlniily  wekk.  Jul;  4. 
during  the  excitement  of  a  public  reception,  the  lumor  a^am  appearol.  with  Kvrre 
pain,  luu  of  voice,  and  feeling  of  suflbcaitun,  w  that  dciilh  ttppaared  imroiaent  \  and 
•gain  it  was  dispelled  by  the  tame  treatment.  On  account  of  the  frequency  of  thcv, 
and  tlie  exhaostiun  that  followed  the  Ircatinent,  the  patient  vras  c-ompcUed  to  mq^ 
the  public  poqiion  which  he  held,  and  return  home. 

When  he  came  under  the  obccTvaiion  of  IJis.  Saitf  and  Lincoln,  a  lamor  of  the  m» 
of  m  lar^e  guij^N  egg  was  found  on  the  Ivfl  title  of  ll>e  neck,  in  the  uilero-iidiertoi 
porliou  of  the  regiL>n  defined  by  tlie  $tcnioK:lci<lo-iuastuiil  and  Irapetlii*  mttacia  aad 
the  c1avii:te.  The  trachea  n-as  parted  hiUf  an  inch  to  the  right  of  the  meduB  Hk 
The  tumor  W4s  rounded,  smooth^  and  readily  cumpreuiUe {  but  after  iniiijiiiBiiMi  ft 
returoed  to  in  lulural  ih4p& 
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An  attack  of  b)dig«sUon,  act]**  excrcbe,  or  0MRt«l  excitement  of  any  kind,  would 
cwt«e  the  tninor  to  increate  sometimes  lo  twtc«iKiuual  sie. 

Sept.  30,  1870^  in  the  presence  of  Drh.  Iltunmond  and  llackley,  llw  patient  wu 
anjesthctited  and  fiibmilted  to  electrolytic  treatment.  Four  jpided.  steel  neciilrs  in- 
iuUtcd  to  oae-hdf  or  three-fourths  of  an  indi  from  their  puinis,  were  uitroduccU  iato 
the  four  qnaners  of  ihc  tumor ;  the  two  opper  hcing  one  «nd  onc-foLirth  inch  apart, 
tnd  one  incli  above  llie  lower,  which  were  one  ioeh  apart  The  two  inner  nceiJtei 
were  connected  wiih  the  sobdivided  anr>de,  and  the  two  outer  with  the  subdividc<3  ca- 
thode. At  first  ten,  then  Eifteen  elements  of  a  battery  similar  lo  Stohrer't  were  em- 
ployed.    The  strength  of  (he  current  was  incre&vd  gradually. 

At  the  expiraliun  nf  fifteen  nunuCes  Ihe  two  lower  neeUcs  were  ditent^ed  from  the 
current,  thus  concentrating  the  whole  forc<  upon  the  two  upper;  at  the  expiraiion  of 
fifteen  minutes  more  tbe  nenlles  were  removed. 

Puling  the  operaltun  ill  the  prominence  of  the  tnmor  disappeared,  and  a  delicate 
fxanuoation  detected  a  hard  nia»  to  Iti  place ;  not  a  drop  of  blood  escaped  on  tltc 
removtl  of  the  needles.  The  skin  over  the  tumor  prcsente-l  a  bright  blush,  and  the 
trachea  bad  returned  to  its  proper  puMtioii.  The  paiienl  kei>l  quiet  for  three  d»yt, 
minz  *  cotd-woter  compress.  At  the  end  of  that  time  the  soreneoi,  which  had  been 
considerable,  tiad  nearly  all  puued  away. 

At  the  latest  dale,  October  t4th,  the  patient  was  well,  and  "the  Induration  in  the 
neck  wft*  it eadaiy  diminishing  in  sue." 

Gcltres. — Goitres  are  to  be  treated  by  ordinary  elecirotysis  with  sharp, 
bayonct-sfiapcd  needles,  which  may  be  trilher  insulated  or  non-insu- 
lated.  NcctJIcs  that  arc  smoothly  insulated  can  be  inserted  through  the 
skin  of  the  neck  without  very  much  more  dilhcutty  than  iion-iiisulated 
needles ;  but  if  the  insulation  be  roughly  put  in,  the  difficulty  in  inser- 
tion may  be  very  great.  An  advant.igc  of  non-insulated  needles  is  that 
by  llic  aclion  which  takes  jilacc  in  die  skin  around  it,  the  needle  be- 
comes loosened  at  the  negative  pole,  and  so  can  he  pushed  in  still  fur- 
ther without  dilBctdty.  For  goTtres  of  all  kinds  the  negative  pole  Is 
much  preferable  to  the  positive  pole,  Just  as  in  cystic  and  fibroid  tu- 
mors. There  is  no  danger  in  inserting  a  needle  even  into  a  smait 
Opttrc  to  a  ct>nstderable  depih,  say  one  or  two  inches.  By  great 
'Carelessness,  it  woiiltl,  we  suppose,  be  possible  to  wound  ihc  caruttj 
artery.  We  do  not  usually  employ  an  anrcsthetic  in  the  o]>cralion9  on 
the  neck  ;  ^-e  find  ihat  the  ether  spray,  or  local  application  of  a  iitix- 
turc  sf  Ciirbolic  acid  and  edier,  equal  parts,  prevents,  lo  a  considerable 
extent,  the  fear  of  the  introduction,  which  tlic  patient  much  dreads, 
and  which  is  really  :norc  severe  dian  ihe  i»ain  of  the  electrolysis  after 
the  needles  are  in  position. 

In  a  few  cases  ive  have  observed  that  the  needles,  when  inserted  in  a 
goitre,  cause,  by  reflex  action,  pain  in  the  forehead  ;  in  other  cas^i 
naiasea  and  a  tendency  to  fainlness  are  observeiL    The  inaioritj  of 
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patients  do  not  bear  an  operation  of  more  than  from  five  to  fifteen  mm 
Qtes,  which  may  be  repeated  two  or  three  times  a  week. 

This  purely  electrolytic  treatment  may  be  varied  by  external  gahr* 
nizatioi)  aud  faradization  with  strong  currents. 

There  is  no  question  that  external  galvanization  and  faradization  wltl- 
strong  currents,  both  steady  and  interrupted,  will  cause  a  consklcnMtf 
reduction  of,  and  sometimes  compWlclyditLsipate goitres  ;  and  even  when 
these  methods  do  not  cause  any  perceptible  diminution,  they  at  least 
relieve  the  sense  of  pressure,  the  heaviness,  and  the  sense  of  suSbcation. 
or  of  choking  that  goitres  often  cause.  External  electrization  alone  U 
not  as  satisfactory  as  electrolj'sis  with  needles. 

The  prognosis  of  goitre,  under  electtical  processes,  varies  with  the 
nature  of  the  tumor,  lliose  which  are  small  and  soft  may  disappeai 
entirely  and  permanently.  Those  that  are  large,  provided  they  are  not 
too  hard,  may  also  entirely  disappear.  The  cystic  varieties  al^o  give  a 
good  prognosis.  Those  that  are  both  very  large  and  very  hard  nuy 
diminish  a  certain  jwrcentagc,  but  they  do  nut  entirely  disappear.  The 
best  method  of  estimating  the  results  of  treatment  is  to  take  measure- 
ment of  the  neck.  Almost  all  goitres  will  go  down  more  or  less,  and 
usually  at  the  outset  of  the  treatment.  Afterwards  they  recede  more 
and  more  slowly  ;  and,  even  in  those  cases  where  the  cure  ia  complete, 
the  VasI  quarter  will  require  more  trealment  than  the  first  three-quar- 
ters.   This  is  true  of  all  hard  growths  that  are  treated  by  electricity. 


Cfltrt  of  tkrrt  year^  jtantUng — Rafid  rtduftipH  »tt4  afifr^tinMlt  mrt  unitr  gat- 
VHH^puiieture — External faraditation  with  very  ttr^ng  tmrreiUt. 

Case  CCI!.— Match  30,  1874.  Wc  wtrc  callol  to  liejl  a  taw  Mf  gut/rr,  wlwit 
thenmsurcmcnt  arouod  Itic  neck  yn'-  uxlecn  anJ  on«'luiir  iiwhe^.  The  (uiicni 
wassyoungmiuitwcnty-orc  years  of  t4;cati(]  tbe  growtli  bad  cxbted  ilirecjvai^  Tht 
lufflor  was  moderately  lint  ruM  cxcenavely  iaM.  We  cwnmcnced  treaimeot  wnh 
dcdrotyiis  ttie  needle  l>eing  pa.\wtl  into  the  centre  of  !lw  tumor.  In  one  week  tall 
■n  inch  was  piincd  ;  in  fire  v/efVt  one  and  ■  hair  Inche*,  wWch,  tn  effect,  amnnniM 
to  a  cure.  Wc  uicd  valy  mild  curientt,  coinliined  with  external  faridifattiin,  mlk 
way  ftrorg  carrents,  viotenily  iniemipied,  aji  suggested  hy  Meyer.  The  remit,  theft- 
Tiire,  was  due  to  tlic  rambiticd  eilect  of  (liflTercnt  kinds  of  electiiutioii. 

The  {^eat  majority  of  caw  of  thh  kind  will  become  redaced  ten,  rifteen,  or  Iwot^ 
pet  cent.,  amd  will  Iwcnme  Mntionary.  Even  in  this  eoM  tbc  redaction  of  the  latf 
quarter  Inch  eonmmed  u  much  time  as  all  the  rest  of  the  ourc 

In  the  above  case— which   may  be  regarded  as  a  ly^ic  of  the  mon 

uccessful  results  of  electrical  treatment  in  goitre — the  galvanapunc 

ture  certainly  accomplished  more  than  the  external  faradization  with 

strong  inlenui)ied  currents.    The  latter  method  did  something,  and  ti 
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worthy  of  trial  in  the  treatment  of  goitre  in  connection  with  gali-ano- 
puncture. 

^mfleur  adenoid goUrt  in  a  thild  a^td  foiftten^RtUff  of  tkoktng  uniati^nt— 
Sftady  dtertas/  in  ute  under  external  galwkniiatian  and  fltctrelyn*. 

CAbE  CCUI.— I*  W.,  a  girl  «god  fourteen  year*,  tint  ol»cr%-al  four  yeart  ibce  * 
very  slight  cnUrKcment  of  tbc  th)Tt)iiJ  glniHl.  It  npiUly  increaM^l  in  »ize  unlil  Uecvm- 
b<r  Slt)>  When  sh«  presented  herself  fomarninaUnn  ii  wa<  one  and  a  half  inche*  in 
(lepth.and  two  inches  in  width, reaching  lot  tic  nntcrior  border  of  cilbcTGtcinoclciiJo- 
oufttoideus  muscle.  The  ma^swas  quite  movable  and  di<lnot  in  anjr  way  caii«c  in- 
convenience, escepiirg  when  she aiicinpicd  \a  sing.  Iodine, both  intcrnaiiy  ntnlex- 
toualiy,  had  been  used  without  appreciable  benefit.  For  the  5r5t  two  month* 
locali/e<I  exfemut  ([alranization  repeated  iwice  a  week,  was  alone  tried,  resulting  in 
no  itiminntion  in  the  size  of  Ihc  swelling,  but  in  a  very  decided  alleviation  of  the 
dUtresainif  sensation  of  strangling,  which  Invariably  occurred  wheoevcrshealtcmpto 
ed  to  sing. 

Subsc(|umlly  the  needles  were  introduced,  and  to  this  dale  the  ismor  has  steailUy 
decrca»eil  in  site,  until,  June  i,  it  was  onc-<|kiiirler  itf^  original  iitc,  and  (lie  indicatioai 
were  tlut  it  would  entirely  diuppcnr.  Tbc  needle  (a  small  glover's  needle)  was  in- 
troduced fome  twenty  times  but  as  the  pain  produced  was  very  slight  no  chloroform 
wu  Dted 

Diuifalton  »/  *  geUre  Oj  fiflttn  manths'  itandittg  MnJtr  txtcrnal  Ixaitttd  gat' 

vaniaaiian. 

CasbCCIV.— Mi-»  ](.,  a  yiMing  U^Iy  a^el  34.  wu  directed  to  ii>  by  I>r.  J.  Mk- 
turn  Sim»,  \ftv.  36,  iSjj. 

Kiftern  months  before  she  obwrved  ra  the  neck  a  slight  enUrf^ement,  which  grew 
with  conMileratile  ripidlty.  On  examination,  we  found  a  goitre,  that  spread  widely 
all  over  i)ic  nnierinr  portion  of  the  neck,  extending;,  indeed,  beyond  the  outer  margin 
of  either  Mcmo-clcido -mastoid  gauscLc.  The  measuremeat  aruund  (lie  mo«t  prumi> 
neni  portion  was  14]  inches, 

\Vc  firit  allcinplcd  sim[jEe  external  localiucd  gakaniuLion,  with  the  effect  of 
reducing  the  mcasurcmeni  in  13  stances  to  13  inches.  The  deronniiy  was  now  barely 
perceptiide,  and  de«;rca*cil  wiih  charac[cri»lic  sbwncis,  but  finally  CDin|)lctely  tliup- 
pctrcd  after  some  15  additional  apphcalions.  At  the  close  oF  the  treatment,  the 
neck  mea&ured  just  laf  indies 

Cystic  Tumors. — Benign  cyslic  tumors  may  be  successfully  treated  br 
the  ordinary  iiietliod  of  eleclrolysis.  We  have  treated  a  number  of 
cases,  sni.ill  and  large,  and  with  excellent  results.  The  object  of  the 
electrolytic  procedure  in  benign  cystica  is,  of  course,  very  diffcrem 
from  the  object  of  the  satne  procedure  in  nxvi.  The  theraiieuticaJ 
action  of  the  atrrent  on  cystics  is  somewhat  complex. 

tst.  The  fluid  is  decomposed.  The  gaseous  products  of  this  decom 
position  sometimes  escape  iliroiijjh  holes  made  by  the  needles. 

sd.  The  %valls  of  the  cyst  are  stimulated,  so  that  the  fluid  is  absorbed, 
and  thus  tbc  liiinor  is  can^erl  to  shrink.  This  ifl,  in  fact,  the  ralionalp 
of  electrolysis  in  hydrocele. 
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3d.  Decomposition  of  the  valla  of  the  cysts.  'I'hu  takes  pluce,  of 
course,  only  when  uiiinsiilatcct  needles  arc  usetl.  When  the  DCcUle: 
are  insulated  near  10  the  cod,  the  walls  of  the  cyst  are  not  acted  oa. 

4th.  Evacuation  of  the  tluid  contents  of  the  cyst  without  decompo- 
litioni  This  result  may  follow  puncture  of  any  kind,  even  when  i» 
electricity  is  used.  It  is  more  likely  to  follow  electrolysis  with  the 
negative  needle,  for  the  reason  that  the  needle,  when  not  insulated, 
acts  on  the  walls  of  the  cyst,  and  enlarges  the  opening  made  by  the 
needle. 

In  operating  on  cystic  tumors  by  electrolysis,  the  best  procedure  b 
to  insert  a  needle  connected  with  both  poles.  The  positive  needle  miy 
be  kept  hxed,  while  the  negative  is  worked  in  various  directions,  so  u 
to  act  upon  all  the  inner  surface  of  the  cyst,  and  also  to  enlarge  some- 
what the  hole  made  by  the  needle  in  the  walls  of  the  tumor,  so  as  tc 
allow  free  exit  of  the  fluid  or  gases. 

I'li^^long,  cutting  needles  are  usually  preferable  when  the  tatnor  u 
Ul^e;  but  for  smalt  tumors  ahnost  any  kind  of  needle  will  answer. 


Bcnlfin  Crstk  or  Erectik  Toukor,  treated   by  ordiauy  electrolju  by  biabtad 

needles. 

Cyttit  tunur  tf  fortfuad  sf  forty  ytarf  slai^mg ;  immeJiatt  anit  fiernanent  rmv 

ty  f/rf/reJyru. 

Cask  CCV.— .Mr>..  H.,  aignl  60.  we  lim  taw  iu  cuDuUialiDn  with  I>t.  A.  W.  Cat* 
lin,  of  Brookljfi,  Nov.  9.  1S71. 

For  fortjr  jrean  she  had  been  afQictcd  with  ■  tumui  on  the  forebead,  whid .  h  1^ 
pcarutce  uid  liic,  anO  in  its  feel  and  coDiprc»ibiIJ(y  at  the  tine  we  uw  it,  eiactly 
reKmbled  ft  ripe  IwlielU  grape.  This  appearance  had  not,  howcTCTi  been  cntutxnt ; 
Its  (in  varied,  and  zt  one  time,  after  aoofniie,  it  had  conaderably  enUrged,  and  a  voB 
A^nncctcd  with  It  and  leading  towards  the  njiper  put  of  the  no«  became  swoUra  ud 
promtncTit. 

WlictHtT  tUc  cn\u^cment  was  erectile  or  cystic  was  a  raatltr  of  doubl.     Dr.  A  K 
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Cn»by,  wIiiMiw  the  cii»c  willi  u«.  regaiaed  It  u  cjilit  Tlie  ftlitcA  h*o  wfinrf 
lo  •ubD.it  !o  »ny  operaiion  for  ihr  nwlicai  ciue  of  the  tumor— puily  on  wxount  of 
feu  of  bcmoiriij^c,  anil  coii»«n»cfltly  had  worn  the  unplewant  dcfonuitj-  the 
ernitcr  portian  o!  bcr  life.  NovcmtKr  i  iih.  with  the  assistance  of  L>r».  Catlin. 
Cnistf,  Cooper,  »nd  Wytkoff,  local  «Me»ibMU  was  iiscJ,  uiJ  two  UDoll  iatiilaled 
neeclUi  vtte  ioEtned  into  llie  tumor  pear  iIm  base,  wiuj  pile  counccied  with  the  posi- 
tive and  the  tlher  with  tb«  negative  pole  uf  ten  celk  of  a  portable  Gnlvano-Faradii:Ca 
linc-carboD  balicry  (Fig.  6i  ].  Imninliatcly  the  color  of  the  tumor  began  to  lighten, 
tbrottgb  the  change  of  lu  fluid  content*  into  oxygen  ami  hydrogen  ^ai««,  and  in  &vc 
minntes  tbe  whole  surface  was  almost  caiQiteu>  and  the  lamof  wm  mw:h  diUended. 
The  needles  were  now  with:Itawn  ;  there  was  no  hcmon-bage,  but  llie  ga»cs  bci;aa  to 
e*cai)e  at  the  places  where  the  needlo  were  inserted.  Dr.  Croaby  now  used  a  little 
pressure,  «iid  the  tumor  Hatlencd  with  more  e*c»|»e  of  gas.  Under  re[>catcd  piesMue 
uUJ  mete  gas  escaped ;  and  in  ten  minuLB  from  the  bejjianing  of  the  operation  the 
tumor  was  perfectly  aalten<d.  Gradually  the  reMiluum  of  the  tumor  diuppeaicd, 
and  fa)  a  few  weeks  scarcely  a  trace  of  the  tung-standing  deformity  existed. 

Cyftie  tttntar  o/  tkt  hrf-ut,  p^iihly  mnHgttaitt^  trtatrd  by  ixtrrnal  gahamudtian 
amd  eiettraiytit — Grtai  raitu/um  in  siu,  and  appannt  curt. 

Case  CCVI.— Mn.  P.,  a  lady  of  middle  life,  coniuUed  ns.  December  3d. 
The  patient  had  a  tamor  in  th«  left  brenH,  of  the  die  of  a  small  orange.  About  two 
months  had  paoed  since  it  n-os  lirM  observed. 

Both  her  family  phyncian.  Dr.  Wikoff,  and  another  surgeon  of  emineocc  regarded 
the  tumor  as  Kirrhoua,  and  advised  its  removal. 

Tttepalieut,  we  may  remark,  traced  the  origin  of  tlte  growth  very  directly  lo  a 
■evere  bruise  of  the  l>rea»t  from  striking  against  a  bed-post.  Wlien  wc  first  uw  the 
case,  the  tumor  could  be  easily  felt  and  grasped  between  itie  fingen*  and  seemed 
^ite  hard.  The  nipple  was  but  slightly  affected,  and  there  was  no  involvement  of 
the  glands  in  the  axilla. 

There  had  been  little  or  no  pain,  the  lumur  bad  not  extended  to  the  skin,  and 
there  was  no  dUfolaration  ;  except  by  examination  the  prevnce  of  the  growth  wimld 
hardly  hare  been  suspected.     The  grutrth  was  ([ui(e  niuvable. 

The  p&ticnt  wjs  of  a  very  nervom  temperament,  and  hod  suffered  much  from  neu- 
ralgia. In  spile  of  the  Lack  of  vcrj'  severe  syn:ptoms,  we  concurred  in  the  opinion 
of  her  previous  advisers,  that  tbe  tumor  was  scirrhous.  The  patient  so  drcailcd  ti'c 
thought  of  the  knife  that  she  wanted  to  give  ele^lrical  lieaUiietJt  a  guud  trial. 

Wc  began  with  local  cKtemal  galvaniialton  with  moderate  currents.  After  one 
week's  licAtincnt  the  tumor  seemed  looker,  softer  in  puctioni,  and  a  trifle  smalier. 
SubfvqueiU  treatment  arlded  nothing  to  this  apparent  improvement.  We  theicfure 
resolved  to  use  gidvaiio-[]uaclurc. 

December  31M,  wc  inscrlod  two  neeiUes  into  the  part  of  the  tumar  that  wu  most 
superficial ;  one  nee<^lle  was  connected  with  Uie  podtive  and  the  other  with  tlie  nega- 
tive pole 

Etbet  ^ray  was  used  before  the  iteedles  were  introduced.  The  needles  had  not 
been  in  position  more  than  live  minutes  token  a  fiuid  <u  eohrliit  at  vtattr  began  to 
Jtmti  ffHl  al  the  placet  where  tlvcy  wcic  intcrtcd,  and  on  pressure  Die  quantity  that 
came  away  was  much  increased,  and  more  or  less  Aowed  out  during  tlie  whole  opera- 
tion, whii.li  l«slcd  fifteen  mtiiMlcs. 
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Wlicn  the  needles  were  vHthdrawn,  aod  pmniie  was  u»nl,  ulUI  more  fltiul  ctatad, 
•od  the  tumor  hai)  become  reduced  Iwo-thirdi  in  liic     T1)C  luraor  wu  cvidcMl) 

January  2d  nnd  January  St!i,  we  again  operated  wilh  Dr.  Beard'ilnitg  cnttlni'-JweA^ 
witfaoBt  u«utiuice  antl  witliouL  aiuntl)r»ui,  >o  s*  to  reduce  lin  lumor  to  a  tninaaiMi 
and  if  pouible  caiitc  atMor]>tioD  or  airojihy. 

At  the  sccoud  opera,tioa  a  len  quantity  of  fluid  exuded,  aad  fliU  lea  at  the  thiri 
o|>cra[ion.  The  patient  left  for  home.  We  orcaslnnally  hear  from  her,  and,  vy  19 
tlie  date  of  writing,  tlie  lomor  hat  not  re»utii9d  its  on|pnal  tiie,  a»d  doe  not  ia  aaji 
way  trouble  Ijct. 

In  ilie  above  case  one  of  three  results  are  possible  : 

iftC.  The  tiiiiior  may  rc-iiiain  coinparativeljr  small,  cuusing  no  annof- 
Ance  to  the  jiatieiit.  This  result  wc  have  seen  id  other  cjrstic  tnmors 
(chough  not  m  the  breast),  rroiii  the  same  luethod  uf  treatiueat  thai 
was  ado^»te(l  in  llie  pre&ent  case. 

ad.  The  lunior  may  again  fill  up  with  Suidi  and  may  require  a  repe- 
tition of  the  5;imc  trealnient. 

3d  It  may  lake  on  the  scirrhous  form.  It  is,  of  course,  possible  that 
the  walls  of  (he  growth  may  already  be  of  a  bcirrhous  character.  Even 
if  it  should  prove  to  be  a  scirrhous  growth,  it  would  not  foUow  that  re- 
moval would  be  at  once  indicated. 

if  in  the  above  case  there  should  ever  be  a  rapid  and  ugly  reciirretKe 
of  tlic  tumor,  with  threatening  indications  of  any  kind,  the  method  of 
electroiyzing  the  base  would  be  indicated,  the  knife  or  the  galvano- 
cautery  being  used  to  remove  the  body  of  the  growth. 
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Cyt/ie  tumor  0/  ifu  tuimaxillary  rtgian,  prabahiy  maUgtani  ;  tJkret  aptratiami-^ 

Electri^yiii  of  Ifu  bait — Rapid  /ualing  with  lUgkt  diijtgurrment^^trmtm  mtntff 
metetiful  rttult. 

Case  CCVII. — Mias ,  a  young  lady  in  licr  teens,  was  sent  to  n*  March  35, 

hv  rif.  "Wm,  W.  Rcew,  The  p.iiient  was  nf  a  fragile  constitution,  an<l  hatl  be- 
come dehili  tat  ed  by  confinement  in  the  stifling  air  of  a  rnanufiurtory  wheii.  *lic  wai 
employed.  P'or  one  year  she  had  t>eea  troubled  with  •  tumor  un  the  submauUary 
tq^ion  of  the  Left  side,  that  was  at  first  auppowd  to  be  simply  an  enlarged  gkuid,  It 
did  not,  however,  yield  to  the  usual  tteatment  that  various  plij-iiciaat  and  tntjeoM 
bad  given  her,  and  at  (he  time  we  saw  it,  it  was  abont  the  abe  of  an  Kngttsh  wahn). 
•nd  was  apprcnily  encysted.  Lancinating  pains  of  a  tolciaLly  icvuv  duactct 
were  somelimc^  felt  in  and  near  the  growth. 

Careful  examination  made  it  pretty  clear  that  the  enUii^ement  wu  cyuic  \  (hat  awfi 
Kihstance  was  insiiie  of  it,  although  the  walls  were  quite  tiard.  MtrcJi  ijih.  will 
the  as&ulanoe  of  Ura.  RecM  and  tlyde,  we  cievlrolyied  a  portion  of  tbc  growth,  aad 
foatd  tli&t  it  was  really  cystic  and  contained  a  dark,  chee*y  ^uliUaace.  The  patient 
wai  fully  eihcri7cd  during  the  operation,  which  lasted  forty  minuter  Large  and  l«i( 
Doedies  wvre  employed,  and  sixteen  linc-carbun  ccili. 
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flit  opcTation  was  followed  Tor  tiro  iny*  liy  iiriuiive  fever,  liut  by  do  otb«r  on- 
[rfeasint  Ksult,  There  wu  con^ersble  »Juui;liiiig,  Ijut  ihc  bulk  of  the  (rrovih  re- 
tiilun«J  at  a  Urge  un''l;;h[ly  mau.  April  14th,  we  again  operaled  by  tMr/titig  up  tlu 
hiM  of  ttie  tumor,  umJenutiiin]^  ii  and  lepaixiing  il  (mm  ilie  surrounding  healthf 
liuue.  Dr.  A.  fi.  Crosby  ontsted  al  the  operation,  and  enudeaied  a  porlion  of  iht 
THUS  before  tlie  needln  were  insericd.  The  irrllAtive  fever  was  sliglilcr  than  aftn 
tbc  previous  opentioft.  An  ulcer  1  i  inchei  in  lengtb  and  a  half  an  inch  in  depth  tfr 
■natiicil — the  turfaoe  presenting  as  unial  after  eleclrolylic  operations,  a  cliarred  ap- 
pearance which  ai  [\ni  alarmed  the  patient.  The  subsequent  healing  was,  io  thu 
jud|;mcnt  ofall  the  sin'gi.'ons,  mrpii^ngly  rapid  and  nlibfactory.  Dr.  Crosby,  in  piopn 
time,  brought  the  e<lge«  together,  and  thus  expedited  the  reparative  process,  so  (hat 
rI  the  vn>]  a(  a  month  only  a.  trilling  scar  reiaained.  At  one  of  these  operaiiani  the 
parenclij'iialoiu  hemorrhage  wai  excellently  controlled  by  the  sclion  of  the  current, 
and  no  oiher  styptic  was  requiiet!.  The  patient  h.-id  now  poMtively  improved  in  her 
general  health,  and  was  free  from  any  sign  of  tl>e  disease.  It  was  hiped  by  al!  par- 
ties that  she  would  hear  na  more  from  the  tumor.  It  had  iKen  suspected  at  the  clo^te 
of  the  operation  thai  a  small  portion  of  the  growth  remained,  but  it  was  not  de«<ne<l 
sdviuhle  to  protract  the  operation. 

Very  soon  pains  of  quite  a  severe  character  b^an  to  be  fell  just  beneath  the  skin 
in  the  region  of  the  sublingual  gland  ;  ttieti  fallowed  swelling,  and  in  a  few  weeks  ■ 
tumor  .11  large  asalionc-dicsinut,  of  the  same  appearance  and  feet  as  the  previoiu 
growth.  We  deciiled  to  ojierate  again,  this  time  with  absulute  thoroughness;  the 
same  >urt<eoDs  iKing  present.  L)r.  Crosby  made  an  incision  and  enucleated  the  growth, 
the  oprraiion  being  complcIe^l  hy  electtnlyxation  with  large  needles  as  tiefore. 

TAt  v<trifwu  IhifrougMty  done ;  fht  bait  was  tkoroiighiy  *le<troiyttJ  (Pi([.  ao6). 
During  the  opcraiion.  n  branch  ofthefiici.il  artery  was  sewred  by  the  needle;  this  was 
tied  by  Ur.  Crobby.  The  wound  was  treated  as  before  and  with  the  uine  result — rapid 
and  satiifaciory  healing,  that  lias  been  permanent.  The  scar  ilisfigurcs  but  iJightly, 
while  the  patient  has  improved  in  her  general  health,  and  al  the  date  of  wriiing.  three 
yev<  after  the  last  operation,  weighs  much  more  than  al  the  time  of  ilic  uiieratiun. 


h 


ElectTuIjrsis  of  the  base  of  the  malignant  cy»cie  tummr  of  the  neck,  after  removal 
of  the  tumor  tty  enucleation.  Long  negative  nee>lle  inaiiipulat'd  by  the  oporalwi ; 
eoiiiiectij"  ma  Je  lt\  3.  rimilot  iio-iliic  needle  a!*f»  in  the  lu*. 


728 


BENIGN  AND   MALIGNANT  TimORS. 


The  above  was  one  of  the  earlier  cases  in  whuh  the  method  ^  elti 
trslysis  of  the  base  ums  tmphyed. 

Uoforiunately  the  tumor  was  not  examined  by  the  microscope  Thi 
evidences  of  maUgnaucy  of  the  tnmor  were  its  recurrence,  after  enu> 
cleaiion  and  ordinary  electrolysis,  the  facts  that  it  seriously  aifecictl  ibc 
general  henhh  of  tlie  patient,  and  that  her  health  greatly  improved  whea 
the  tumor  was  dually  removed. 

Hydatidt  of  the  Liver. — Durham  and  Forsler*havc  ireated  eight 
hydatid  rumors  (if  !hc  liver  with  success  by  electrolysis  at  Guy's  Hosi«* 
tal  and  the  Royal  Infimiary  for  Children,  Waterloo  Road. 

**Ia  one  patient,  wbo  wu  under  the  cars  of  Or.  UUlon  tt^fpt,  and  who  wm 
operated  upon  by  Mr.  Durliam  in  Jane,  iS6$,  Ow  dubias  in  ihc  hqutk  rccka 
meuured  seven  inclin  venkally,  the  nbi  on  that  tide  were  bnlifed,  nod  the  iatarcMUl 
■pKCS  prominent.  Two  Dl^e()ln  were  mlra<luwr1  inio  the  raoft  prantiiHSil  put  of  ibc 
sweUing.  one  pierciagthc  ipace  hetMccn  the  eighth  and  the  niolh  costal  cuttLi^ 
and  the  oilier  about  twi^  inches  behind  it,  hetwcen  the  niaih  uid  tenth  ri'i^  Tbe 
BeeJl»  pawed  in  to  a  depth  of  two  or  three  indies.  One  of  ihcm  was  e«  uJeatljr  Tree 
in  (he  fluid,  for  It  could  be  moved  about  and  rubbed  isainsl  the  other.  The  poitenor 
neo^lcdoubtlettpomed  through  the  duphraj^,  at  it  wasjerkcd  about  bjr  theTCSprBtory 
Riovein«nts.  Both  needlu  were  connected  with  the  neKxttve  pole  of  ten  cclbof  the 
l»[(rrx,  freslily  cliar|[eJ.  The  poutive  pole,  cotinected  wilha  moistened  condaeUw, 
wu  placed  between  and  near  the  needles.  The  cuTreni  was  allovrert  to  pou  for  twenty- 
five  minutes,  and  during  itiii  tiuic  there  wa»  a  crackling  feeling  under  the  linger  « 
of  enphyBcina,  owing  to  the  der«lopmait  of  hydrogen  fro«n  the  lir|uid  of  tl>e  cpL 
After  the  oi«rjition  there  was  tume  pain  f^ir  four  or  five  hwurt.  In  llic  CTCuing  die 
ICRipenUure  was  loag",  aivd  the  patient  did  iioi  Bleep  wdl  llut  night.  Next  day  the 
leinperature  was  9^.6°.  and  on  die  momiag  after  il  had  risen  to  101.2*.  At  thb  ttae 
(he  liypoclioniiriacal  tumor  had  greatly  liisappeared,  and  the  manexproMd  kisiidfai 
feeling  i|uite  well.  On  exaiiiinliig  the  right  side  of  the  cliei-t,  liuwever.  l>r.  Fagte 
w.u  a  iiitlc  M.i.'ilcd  at  finding  alnolute  dulnesi  l>elilnd,  up  la  the  fourth  or  fifth  donal 
vertebra ;  and  over  this  extent  of  thorax  there  was  leu  vocal  vibnuion,  marked  tubr 
Ur  respiration,  and  xgnphonic  clioracter  of  the  voice,  which  aJTorited  conclusive  evi- 
dence of  a  Urge  effusion  of  lluid.  There  w%i  vciyiU^ht  potnabool  the  points  where 
the  punctures  Wl  been  made,  bvit  no  plenriiic  pain.  The  man  lay  on  bis  tMck,  aikl 
wis  quite  comraiiable.  The  liqaid  bad  evidently  t>een  Kiaccxed  tlirougli  the  paaetsK 
In  the  diaphmgm  uitu  the  pleural  cavity.  The  man  went  on  perfectly  wcU,  ami  Ue 
dicst  tyinplonif  diMippearci  entirely.  Twenty  days  after,  all  tracetof  tbojibdoeilaal 
tumor  had  disappeared. " 

Fih-eiiis. — Fibroids  are  usually  hard,  and  therefore  slow  todecotnposc 
under  electricity.  This  is  true  of  all  fibroids,  wherever  situated. — in  the 
neck  or  any  portion  of  the  penpfiery,  or  in  the  uterus.  Ina&nmch  as  they 
are  not  usually  malignant,  the  method  of  electrolyzing  the  base,  here- 
after to  be  described,  is  not  needed.     They  are  to  be  treated  by  ordinary 

*  Alihaus  op.  dt.,pt.  64J.     See  aLw  Med  Tincftond  Goz.,  Nov.  I9lh,  iS7a 
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electrolysis,  needles  coanected  with  both  poles  being  inserted  in  the 
tuuior.  The  needles  may  be  insulated  or  non-insulatedj  according  ro 
ihe  situation  of  the  tumor. 

Tlic  behavior  of  fibroids  after  electrolpis  is  not  generally  satisfactory  i 
the  amount  of  dccon)]josiiton,  on  account  of  the  density  and  compara- 
tive dryness  of  the  tissue,  is  but  slight ;  and  the  stibsniuenl  slirinkagc 
and  atrojihy  is  not  so  marked  as  in  goitres  or  cystic  growths. 

If  a  current  of  sufficient  strength  be  used,  the  iiaticnt  being  anxsthe- 
tiaed,  supimratiun  may  be  excited,  and,  as  a  resuh  (if  the  deatniciion  and 
loss  of  tissue,  the  tumor  may  become  somewhat  smaller. 

Rettirreni  fibroid  tumirr  0/  a  year's  ttaNiiiitg — Reptated  Elfetroiy%ati9iu  vitkffHl 
HitritariitM  and  atlenJeJ  wifA  trifiing  pain — Arrtsi  0/  Growth — Crtutnai  4f 
trtost  in  th*  tiu  of  tht  tmaisr. 

Cask  CCVI  1 1. — Mr*.  V.,  «  Ud)-  ol  middle  »^,  waa  directed  to  tw  by  Or.  ija*- 

tavTls  F.  Winicnn. 

Un  «xamma[ivin,  we  found  under  ihe  rigfit  ear  &  lari;c  tttmor,  son  and  movable, 
and  equal  in  ulie  to  the  citwed  fist.  The  cnlar|;ciitcxit  was  of  llic  recurring  fibroid 
character,  enilrcly  painteu,  Ivut  mou  umii^lUly  in  appearance.  Thz  palienl  first  ob- 
•enred  the  growth  some  ten  jrean  itnce,  when  IIS  sue  was  barely  appreciable  II 
gradually  enlargetl  tifiiil  ji  attained  the  size  of  an  urdlnaty  ben's  tjgg,  and  was  Mtnored 
Ijy  lh«  late  Dr.  Cbetricnian. 

A  few  inoiiihs  suhtieiiiiicn[ly  it  made  its  appearance  a  serand  time,  and  tieadily  en 
Urged,  until  at  the  expiration  of  three  yearn  its  siie  was  toincwliac  greater  tlian  wWu 
'.lie  lin.1  Dpetatdin  uras  perforineil. 

It  wan  a;;iiii»  reinovol  liy  Dr.  Wiltard  Parker,  tnil  in.  course  of  lime  returned.  Ttie 
patient  was  now  unwillriig  to  have  Ihe  opciaiion  iijr  ihc  knife  repealed,  and  for  kvcc 
yean  the  tumor  slowly  increaM!<i  lo  the  liie  above  stated. 

To  av>Mil  any  po-Aibiliiy  of  exciiing  an  ociton  in  the  tumor  Ibat  might  render  U 
truly  nuJij'n.'Lnt  In  charatiter,  we  at  tirsi  made  use  only  of  exicTti-il  j^lvaniution. 

After  a  (tiiieii  niiplicaliotit.  no  diange  could  l>e  perceived  in  its  outward  confoniM* 
tion  ;  bul  lltal  the  treatment  bad  not  been  without  tome  effiect  was  manifcKed  fron 
ihe  fact  that  the  licail  could  now  be  lunie<I  In  any  direction  without  causing  the  di». 
tgrceable  and  somcliines  painful  Kiuations  thai  bad  formerly  fuUowcd  pressure  of  the 
deep  portion  of  the  growth  on  the  underlying  lissuea. 

We  now  deciiled  to  try  ihe  ordinary  nteltind  of  clectrolytt*.  and  accordingly  intrO' 
dnced,  an  inch  into  Ihc  tumor,  a  n-rd!e  in*ni)aled  to  wilhin  h^f  an  inc!)  of  lit  point. 
Tbe  appUca'ion,  alternating  with  externa]  galvanization,  was  repealed  some  twelve 
timea  during  ihecou.vr  of  two  months,  and  resitlteiE  in  a  very  decide!  alleraliunln  the 
ihape,  a»  well  as  a  unarticd  diminniion  in  the  siie  of  the  growtb.  After  each  operatioa 
■  large  quantity  of  free  hyirogcn  gas  eccaped  through  tt;e  opening  made  by  the  needle, 
foTtowed  by  a  uligKi  flow  ofbliMic!, 

At  this  time  two  needles  were  used — the  second  one  of  platinum,  and  connected 
with  the  poMlive  pole.  It  should  he  xtated  that  prevIi>UKly  only  twelve  linc-carboa 
cells  Imd  been  utcd,  and  the  current  allowed  to  pass  but  ten  minutes.  We  nnw  ia- 
creaaH  the  c«U«  (o  twenty,  and  permitted  ibe  needles  to  remain  some  fifkcm  minutes ' 
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but  wfwt)  they  were  withdrawn,  iKilher  fps  nor  blood  «caped,  and  yet  U  < 

lutely  c«Jtiiin  tliat   Uie  curreni  hvi  been   ^luaiiii;  ever]'  moincDl,  and  with  po«a 

greater  [haii  in  ]ircvious  opcnUions, 

III  a  few  Lourfc  lUe  tumi^r  and  tiawet  »ufTotindin|>  tl  became  greatly  twoUcn,  kcooi- 
panied  l»y  rery  L-onsiilcrattIc  pain. 

The  (xun  and  swelling;  wctc  relieved  t>y  t  poppy  poalt{<.<,  but  a  lUfiht  dbchaipcon* 
linucd  throi^h  the  months  of  July  and  August,  during  which  time  ttdCmcnt  was  ii^ 
icnniUcd.  In  ScptemWr,  when  the  patient  relumed  to  llie  dty,  the  dt^hari^  whidi 
had  ceased  two  weeks  previoudy,  bad  evidently  lestillol  in  a  itiU  fuitlier  ledaction  ol 
the  tumor. 

The  treatment  wan  resumed,  uid  continued  at  inlctralt  during  the  cmuing  wintct 
and  s|>nng.     The  cfTcci  wot  a  ilnw  bnt  conuant  decrease,  until  k  was  redacad 
about  one-tliiid  its  onginol  tiie. 

At  one  lime  during  an  internal  in  the  treatment  the  patient  obvrred,  In  a 
of  llic  tumoi  to  wliicb  the  needles  had  nut  been  a[>plied,  a  pfojection  wbicli  rapfaflyi 
en]arge<i  until  it  w.u  one-tliiid  of  on  hrch  in  diameter,  and  extended  downwd  IdIo  lb* 
healthy  ttMuc  for  more  llun  an  inch.  A  uiigle  needle  wm  introduced  into  tbuim- 
irclcame  adililion,  and  a  milil  current  allowed  to  pan  for  ten  minuiec  The  proce* 
of  abfiorption  wa>  excited,  and  in  two  weeks  thli protuberance  completely  disappeareil 

It  U  inlemtiiig  to  note  i»  thi^  description,  itiat  wtuie  the  growth  was  ilowly  ha 
•teadily  enlarging  beft^rc  the  uw  of  needles,  it  did  not,  after  the  treatment  by  ekctiO'  ^ 
tyus  was  Ijcgnn,  show  the  sllgliiest  di^tpoMli'rii)  to  iiicrca.'«  in  th>nc  put»  actually  hii^H 
fluenced  by  the  current — although  at  one  time  several  months  e)a|ncd  between  Ib^^' 
operalionn.     SubKiiuenily  uhot  remained  of  the  tumor  was  agaia  remaved  by  Dr. 
Parfccr.  h 

While*  llie  above  case  cannot  be  cited  as  a  brilliant  result  of  electro* 
lytic  tieainicnt,  it  is  of  exceeding  interest,  and  has  afTonled  many  useful 
hints  thai  have  been  of  value  in  other  coses.  The  pain  of  iittitxluciag 
the  needles  was  trivial ;  and  the  elccirolytic  action,  even  wlieu  it  wu 
very  intense,  producei]  titUe  or  no  seiiaatiou  ;  consequently  tl  was  at  uD 
lime  ticctfssary  to  ms  chloroForm,  and  the  treatment  was  as  readily 
borne  as  if  the  applications  were  merely  external. 

J^'itroidt  of  the  uierut  are  of  sufficient  innwrtancc  to  be  spedalljr 
considered.  They  may  be  treated  electrolytically,  cither  through  the 
vagina  or  tliruujjh  the  abdominal  walls,  according  to  the  position. 

The  danger  of  creating  peritonitis  by  thntsting  needles  through  the 
tbdoiiunal  walls  is  but  slight ;  and  if  the  neetlles  are  well  insulated  1»t 
rubbcT,  Uiere  h  really  no  danger.  The  insulated  part  should,  of  cotine, 
go  beyond  the  |>eritoneum. 

Dr.  Kimball,  of  Lowell,  reports  excellent  results  from  treating 
fibruida  In  this  way.  Our  own  observations  in  this  direction  will  be 
found  in  the  chapter  devoted  to  Diseases  of  Women.  While  it  is  rare 
to  see  a  large  and  hard  fibruid  lumor  enlircly  disappear  umKr  rlcctro' 
iyeis,  ihcy  yel  y*^'^  d-icwaw  in  siz  ,  affordinij  very  often  complete 
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zelief  from  the  various  mecstrual  derangements,  and  otliet  symptoms 
that  accompany  it, 

Lipomata  (Forty  Tumors). — Ordinary  surgical  treatment  with  the 
knife  is  so  successful  for  fatty  tumors,  that  electrolysis  would  liardly  be 
indicated,  even  if  it  could  accomplish  as  much  and  as  easily  as  the 
knife.  Fatty  tumors  are,  of  course,  benign  ;  and  when  operated  on  da 
■  not  recur.  Fat  decomposes  slowly  and  with  difficulty,  and  from  our 
first  cx[jerinients  on  a  number  of  fatty  groivths,  we  were  led  to  be- 
lieve that  secondary  absorptive  effects  would  not»  as  a  rule,  follow  elec- 
tn^ysis.  Dr.  Rockwell's  later  experience,  however,  in  this  direction, 
hM  twen  more  salisfactory.  By  using  an  increased  number  of  necdlesr, 
more  powerful  currents,  and  by  prolonging  the  operations,  several  of 
these  tumors  have  been  completely  dissipated.  In  every  case  the 
Operations  were  rendered  enrircly  painless  by  the  use  of  the  ether  spray. 

Oiarian  Turnt'rs. — The  electro  lytic  treatment  of  ovarian  lumoTN  has 
of  late  excited  much  attention,  and  wc  can  do  do  better  than  to  give 
briefiy  the  conclusions  arrived  at  by  Dr.  Paul  K  Mund6,  in  a  very 
creditable  rcj-«w;f,*  of  what  has  been  attempted  and  accomplished  in 
this  department  of  electro-surgery. 

He  tinds:  is^  "That  a  number  of  ovarian  tumors,  reported  on  re- 
liable authority,  have  been  completely  cured  or  permanently  improved 
by  electrolysis — out  of  fifty-one  cases,  twenty-eight  or  about  fifty-five 
per  cent. 

2d,  "  In  a  number  of  these  cases  electrolysis  was  followed  by  dan- 
gerous (thirteen,  or  25.4  per  cent.)  and  even  fatal  results  (nine  out  uf 
these  thirteen,  or  17.6  per  cent,  of  the  whole  fii'ty-onc. 

3d,  '*  Furtticr,  six  cases  out  of  tifty-one  received  neither  benefit  nor 
injury  from  the  treatment,  and  four  were  only  tcmporarUy  improved ; 
total,  ten,  or  iy.6  pL-r  cent.  We  thus  have  a  total  of  twenty-three  cases, 
or  forty-five  per  cent.,  iii  which  the  electrolytic  treatment  failed  to  ac- 
cuiuplish  tlie  object  for  which  it  was  administered 

6th,  ■'Nolwlthstaiuling  tliese  undoubted  cures,  the  percentage  of 
successes  of  oophoro-clectrolysis  (55  per  cent.)  compares  unfavorably 
with  that  of  ovariotomy  (70  to  So  per  cent. ;  Spencer  Wells  78  per 
cent.,  ill  1876  as  high  as  91  per  cent.).  And  so  also  do  the  deaths  by 
electrolysis  (17-fi  jier  cent.)  nearly  equal  those  following  ovariotomy 
in  recent  years  (20  to  30  per  cent,  to  23  per  cent.),  and  far  exceeding 
those  occurring  in  the  last  series  of  fifty-five  cases  of  Spencer  Wells 
(five,  or  9  per  cent.)." 

"  "The  Value  wf  Eiectrolysi*  in  tlw  Trisilmcnt  uf  Ovarian  Tumor*,"  by  Paul  F. 
Man.lt,  M  D.,  Xcw  Vwrlt,  Cij-iiKcoIajicaJ  Traiisaciiotis,  iSjS. 
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Polypi. — Naso-pharyngeoJ  polypi  liave  been  treated  by  a  scries  ot 
electrolytic  operations  with  success.  Von  Brans  records  a  notable  cace 
01  this  kind.  As  a  rule,  however,  it  vrould  be  difficult  to  entirety  cure  i 
naso-pharyngea]  polypus. by  electrolj-sis,  and  the  trtAtmcnt  would  be 
very  annoying.  Polypi  in  accessible  localities  are  best  treated  by  tbc 
galvano-caulcry  wire-loop. 

Epithdioma,  &irrhus,  and  othtr  MaUgnant  Growths. — Malignaoi 
g;rowths  may  be  defined  clinically  as  these  growths  whUh  lire  itabtt  it 
rt<ur  afUr  rem&val. 

Under  this  head  may  be  classed  einthelionia,  recuniog  cysts  and 
fibroids,  encephaloids,  scirrhus,  and  »o  forth.  If  tumors  of  this  kind 
are  to  he  Created  at  all  by  electricity  in  llie  hope  of  permanent  relief 
it  should  be  by  the  metiiod  ti\  eUctrolysii  of  the  base  as  already  descib 
ed,  provided,  of  course,  the  tumors  are  sufficiently  accessible. 

Fain  may,  however,  be  relieved,  and  in  some  cases  a  reduction  ifl 
si2e  may  be  gained  by  the  ordinary  method  of  electrolysis,  or  by  vaa^ 
external  galvanization  or  faradization  ;  and  by  these  methods  also  tkt 
tumor  may  be  ai'rested  in  Us  progress  perhaps  for  a  long  time. 

Of  the  different  forms  of  malignant  growths,  the  best  prognosis  for  a 
permanent  cure,  or  for  a  long  deliverance,  is  in  recurring  cysts  and 
fibroids  ;  next  would  conic  c|}i:helioma,  of  which  we  have  succesaiully 
treated  a  number  of  cxses,  and  last  of  all  scirrhus. 

Cancers  of  the  neck  of  the  uterus  have  been  removed  by  galrano 
cautery,  but  not^  so  far  as  we  know,  by  electrolysis  of  die  base. 


4 
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Removal  of  epithelioma  of  f&ce  by  elcctroiy^U  of  b<ue.  Both  negative  ud  poiitivt 
Dcetlla  inserted  in  llie  he&llliy  liwue  ImeatA  ibe  lunor. 


£pUhttisma  af  tkt  /aef,  originating  in  an  old  star,  tix  month/  Hamming, 
iy  a  fomiinat'^it  <•/  tttttralytii  of  tKt  hate  and  ikt  g»iv»n^<aulery. 
Cask  CCIX.— Captain  U.  was  brought  to  as,    April  27.  by  Iti.  It.  V. 
den.     The  [Uittenl  ha>l  a  tumor  that  npi^rAreJ  to  be  an  epiihelinmi,  aboot  the  lin 
g(  a  irn&ll  WAlnut,  over  the  t/gama..     It  h&il  dcvcJuped  fruta  sn  okl  sor  thu 
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nUted  ErDOi  cbtl^ood.  When  he  wu  fint  brought  lo  iu  tlw  tumot  faod  beca  h 
eilstetice  lix  months.  It  had  been  lieatei)  by  canities,  but  rapidly  recurred.  Wc 
decided  lo  treat  the  tumor  by  titflrolysis  of  tk*  hatt,  combining  with  it  tbe  gilmuio- 
Euuiery,  iT  neccMiry  or  convenient,  In  order  lo  ilicirten  the  operation. 

April  3o(h.  We  operited,  uiiu«d  by  Dr.  Fcecnden,  who  {^re  the  anosthetic  for 
ten  minntes,  with  eij*)iteeo  liac-carbon  cells.  We  u&cd  the  ion);  colling  needle,  pan- 
ingone  connected  with  the  positive  pole  vn4fr  the  tumor  near  the  ed^e,  and  mother 
long  cHtiing  necitle  cotnected  with  the  negative  pole,  alio  under  the  tumor,  and 
{Mraltel  to  the  positive  needle.  The  electrolytic  action  wa*  moderately  swoim,  and 
the  growth  wat  miri..Iy  loosened.  The  positive  needle  became  fixed  in  the  tiuuc 
where  it  was  imbedded,  through  the  oxidization,  as  is  always  the  case  with  ihc  pod- 
lire  needle,  while  around  tl>e  ne^live  needle  a  yellowish  fuam  apjiearcd.  caused  liy 
the  mingling  of  the  hydrogen  evolved  with  the  blood.  The  needle  was  very  loose  in 
the  ti-«nue,  and  we  worsted  it  slowly  to  the  right  Imndand  left  until  the  lumor  was  un- 
derminal  liy  the  electrolytic  action,  and  nothing  remidned  but  a  portion  of  the  skin. 
We  completed  the  oprralian  by  a  short  wire  connected  with  Byrne's  gaI*ano-caiitery 
battery.  After  the  tumor  was  remi^ved,  we  worked  up  the  1>ate,  partly  with  tbe 
needles  and  [nitly  by  the  healed  galvanu-nuteiy  wire. 

Both  needles,  po>il!vc  and  negative,  were  plunge<l  Into  tlie  base  and  edge  of  the 
tumor,  into  healthy  ttMuc,  until  all  was  bloodlcu,  charred,  and  dry.  Scarcely  aay 
blood  flawed  during  the  o]>eTaiinn, 

The  jKttient  waii  soon  able  lo  leave  the  operating-room.  Cold-water  dresdng  only 
was  use*!.  Some  sloughing  followed,  and  satisfactory  granulation.  In  <ix  weeks  the 
sure  luid  complelcly  healed,  wLtli  a  moderate  cicatrix,  aud  at  the  date  of  wriling. 
September  isi,  seventeen  months  from  ihc  time  of  operation,  there  arc  no  signs  of 
recunence.  Tiie  growth  was  examined  microscopically  by  i>r.  Otmkton,  and  by 
him  pronounced  malignant. 

Larg*  and  pain/ut  efilMtlioma  of  Hu  upper  lip  ef  leserai  month/  ttanding — Rt 
mavat  by  ordinary  tUtlrolyiis  and  the  mtikad  of  working  up  tht  Aat^^Sa/ir- 
fatlory  Mfoling. 

Case  CCX. — .Mis* ,  ag^ed  20,  waa  brought  to  us  by  Tit.  Cbos.  Corey.October 

23d,  IQ  be  treated  for  Dti  epithelioma  of  Ihc  upper  lip  that  bad  distreMted  her  for 
K-vcral  inonllth  At  thiN  lime  the  growth  extended  from  the  median  line  to  the  left 
comer  of  the  lip,  being  about  oae  inch  ia  diameter  and  one-half  an  inch  tn  length. 
The  pnin  of  the  growth  was  at  limes  very  great,  especially  wlien  cx;>osed  to  the  cold ; 
the  disfigurement  was  annoying,  and  there  was  an  evident  lendcncy  to  quite  rapid 
increase.  At  the  ba<c,  on  tbe  inner  surface  of  the  lip  and  especially  at  the  comer, 
hard  nodules  were  easily  detected  by  the  fin[;er.  ■  Wilh  the  awartancc  of  Dr.  Ci>rey, 
and  in  the  presence  of  a  number  of  phy^dnns,  we  electrot>'zcd  the  upper  portion  of 
llie  growth  with  live  small  needles  three  connected  with  the  negative  and  two  Mitb 
the  poutire  [Kile.  Fidl  anicsthcua  was  u&ed,  and  the  opcrattan  lasted  twenty 
ninnien.  The  needles  were  inwrted  directly  into  the  body  of  the  tumor  and  aot 
around  the  base.  The  method  of  working  up  the  base,  we  had  not  at  that  time 
beffun  lo  employ.  The  soft  parti  of  the  tumor  tn  the  vicinity  of  the  negative  pole 
decomposed  wilh  rapidity.  A  yellowish  foam  was  dcvcloi>eiI,  which,  forcing  its  way 
undcmeatb  the  scab  that  covered  the  tumor,  gradoc'ly  tiftcd  it  up  and  cooiplctely 
letadicd  it  from  the  body  of  the  growth. 
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The  psrtt  preienletl  llie  ukua)  cliamd  npfcannc*  aflrr  the  opcntlloa,  bat  tlHrt 
was  litlle  or  no  pain,  ctlhcr  In  Utc  liimor  or  in  the  vicifitlir  Tlverc  wa*,  1>o«vi«f, 
conwlcrabSe  trriiniiw  Tcver,  ami  llic  face  was  mmewhat  swullcn,  Jn  the  canrw  oi  ■ 
ireek,  t1ie  portion  of  the  <luC3tw<l  part  that  ^ud  heen  electrolyi«d  began  to  contnd. 
nud  near  l)ic  mnliin  line  healthy  timie  appoue-I.  Tlic  lower  furt,  llint  «»  hill 
affected  by  llic  needles,  remained  «  before.  Nov.  9,  we  again  c>per:iied  by  iN 
meihod  of  elcctrolpii  of  ihc  ba-v  wrilh  fnur  negative  ind  one  poaiiive  needle  wiik  \%t 
umc  number  of  cells  (stxicen  xinc-carbon)  and  for  about  the  tame  time.  Or.  Co'ey 
ail  ministered  ilie  onaMlhelic,  ond  On.  Armor,  Caldwell,  hikI  ot)ier»  were  pment.  Ttiv 
operation  was  more  thorou^hljr  peiformed  than  the  previuui  one,  Imt  tlte  necdlei 
were  not  insericd  into  the  nndulci  or  the  inner  nirface.  but  only  into  (he  ^pcrlkul 
parts  of  the  |;ruwlh.  No  Itad  leMiU  fullowcd,  and  by  Nnv  3;th  the  tumor  had 
cuntracteil  to  une-lhird  of  its  orij^nol  siic  nnd  wns  healin;*  rapidly.  7>e  hfilw^ 
ptocen  continued  until  scarcely  .-uiy  Iiace  of  ibe  diwase  mnftined.  Th«  licaliii);  ■»> 
almost  jicrfcct ;  there  vm  an  entirely  iiniaral  skin  in  the  rciiinn  where  the  imn>ir  had ; 
formerly  exl&teO,  aod  llie  only  cicatrix  wnt  nl  ihe  corner  of  the  mouth.  TwiiL^wt  ol 
pain  have  licen  fHt  in  the  vicinity  of  the  scar,  especially  on  exposure  to  cold,  ghlaf 
riie  Id  the  siupicion  tliat  pouiUy  that  portion  of  the  (>rowth  woi  noc  tburoQc'>ly 
trented. 

It  is  now  three  years  since  the  patient  was  ticaied,  and  the  recovery 
may  be  regarded  as  most  satisfactory.     In  reference  to  this  case  it  nuy 

be  reiuniked  :^ 

1.  If  the  diseased  nnss  had  been  thorotighly  separated  from  the 
■urrotindiiig  htalthy  tiTiSucs  by  inserting  large  needles,  one  ojieralian 
would  have  been  suflicient.  and  the  cure  would  probably  have  been 
absolute.  This  was  the  first  case  of  the  kind  that  we  had  treated,  and 
we  had  not  then  employed  the  method  of  working  up  the  base,  and  had 
not  devised  the  long,  sharp,  doublc-cdgc<i  needle  which  we  nor  employ 
in  the  cIecln)Iyzation  of  large  growths. 

1.  There  was  scarcely  any  hemorrhage  or  other  unpleasant  symp- 
toms during  or  aHer  the  operatton,  excepting  the  irritative  fever  of  which 
we  have  spoken. 

E^htlial  fOHctr  in  a  lady  agt4  thirty,  imvcMmi  t^  rtftum,  voftud.  and  txtrr. 
nat  fartt — Elntn  pptreHvHt  ^y  ordinary  Httlrolytu  and  tleetrtfytU  a/  tkt  kue  rr- 
maw  the  growthi,  atlfvtate  fain,  and  modify  vtry  grtaity  the  rafidily  WUA  »A*fk 
tkt  Jisttut  lubte^Htnlly  rtafffan — Stthst^ment  Irtatmrttt  ly  ga/pam^twtrttry  ty  Hr, 
Byrm^  with  retief^Dtatk  of  tht  patient. 


Cask  CCXI. — The  wife  of  a  physician,  aged  aboni  50.  had  for  eight  ycjtr«  of  htfl 
married  tife  suffered  from  what  wi»  sitp|>owd  10  lie  Kirrhu^  of  the  rcctttra,  which  1 
been  Ktnovcd  by  lignium  at  different  time-and  by  dlfTeicnt  imrgeoni. 

About  three  yenra  before  «ve  miw  her.  an  cpifhelral  cancer  appeared  at  the  eninince 
oTlhe  vagina ;  ilii*  graiUi-iIly  Increawd  in  «iic  and  prot  ruilc<l,  until  October,  iS^t,  if 
appearetj  to  be  abont  one-half  as  large  as  a  caullA  in-er,  and  much  rCKmblcil  on«  m 


Appcftraaccof  (ranaUiing  hue  arier  rcmorxl  of  a  porllanof  theepithtliotnaof  *>{lu 
and  vulrft  bj  dcctrolysfc 

Tbe  plvaao-cautcry  Itad  been  vg^Mcd  tij  Dr.  E.  R.  Peulee.  whoa  Ukc  pctient 
coanlted,  aad  Dr.  Byrne  had  iaicnJcd  to  pre  it  a.  trial,  but  dctond  ths  opera'Ioa 
'a  order  to  c[perin>cnl  with  cvodoraago.  We  began  tmtment  wUb  otcnial  g>lvB> 
oiiaiioa  in  order  lo  reUerc  ibe  pun.  Tba  fini  trcalmcjl  accompluhed  notbing ;  tki 
third  trealiocat,  ••<  oomected  an  nculated  rectal  electrode  witb  one  pole,  while  ifai 
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porfli*^  hy  m«nt  of  •  wet  doth,  was  gcnlly  posed  orer  the  verjr  (ensllte  matte*  ol 
ibc  lomor.  Tlif  paliciit  wu  relieved  of  pain  for  a  whok  niflit.  SiU«6od  wiib  th« 
rcsull.  we  now  resolved  to  nw  (he  needles. 

With  th«  asButaacc  of  Dr.  Uoiton  and  ibe  husbaftcl  ol  the  palfent,  wc  o^wfUcd 
devcn  ttmci,  wUh  intervolt  of  two  or  three  weeks  between  the  lianftM.  FuD  ctAen 
ntioo  hid  been  obtained  in  each  operation. 

Wc  u«ed  two,  three,  or  four  neeOes,  according  to  drciinutance^  and  bodi  pJn 
were  ioHMted  inlo  the  bsK  of  tlic  giowth. 

The  fir<t  operation,  Oct.  20,  which  lasted  iwcnt^-five  ndnutes,  removed  one-lJuril 
of  the  growth ;  and  by  the  end  of  the  third  operatioD,  all  the  growth  external  to  \'x 
orKice  of  the  rof^lna  wat  removed. 

Far  up  in  the  vagina  the  diteaited  portion  cotdd  readily  be  detected,  tpnaulins  oat 
In  all  direction*  like  a  waterintlon  vine. 

Nov.  I5ih,  thMe  wat  tome  evldencei  of  a  reappeanuice  of  the  external  cnnnb  ti 
those  ports  that  were  not  thoroaghly  eleciriced.  Nov.  sad,  operaKd  aj'ain  by  slw 
trolysts  for  hoi  f  an  hour. 

Dec.  5th,  operated  again  \ij  elfctralysis  in  connection  with  Dr.  Byrne^  who  by  Ihc 
4l(l  of  hit  j'peculum  applied  the  gatvano-cnniery  lo  the  portlont  of  the  growth  In  the 
vagina.  Jan.  lyiti,  a^iiin  operated  by  (he  same  method  (or  thirly minuter  Tbee»- 
temal  ulcer  cauied  by  the  removiil  of  the  tumor  had  liiilverto  been  about  four  Lachet 
long,  three  iiiL-hes  wide,  aiid  one  inch  in  depth,  extending  Uon\  the  middle  of  ibc 
labia  beyond  the  anna  on  the  right  tide. 

TbU  ulcer  now  began  to  heal  nt  the  eilges  nod  to  contract.  Jan.  6lh,  began  tht 
lue  of  nitrate  of  sliver,  apptwil  10  the  nicer,  Jan.  Sih,  the  diachorge  which  had  oome 
from  (be  vagina  was  mtich  diminislied  and  the  ulcer  had  conlrBcled  to  half  iIk  or^> 
Dal  sue.     Jan.  ]i»,  operated  by  electrolyris  in  the  vagina  chiefly, 

March  24(1),  repeated  llie  o|>eiatioD  with  long  needlo^  in  (he  vagina,  on  tome  rag- 
ged ponloiia  of  the  growth.  We  were  now  able  to  ucertain  by  digital  eaaminaili* 
that  there  was  a  pretty  direct  connection  between  the  growth  in  tite  ncluni  and  ihc 
one  in  the  vagina  ;  they  secmc<1,  indeed,  lo  be  extensions  from  a  common  centre. 

The  septum  at  the  ha^;  of  the  tumor  in  the  vagina  was  so  ihin  ihai  we  much  feared 
a  recto-vaginal  fistula,  and  great  care  was  nccesury  in  upcratirtg.  to  prcicrvc  (bit  dcU* 
cate  and  partially  (Jisurganiied  (iuue  (bat  separated  the  two  canaK.  April  21,  again 
operate^l  by  elect rolyii^. 

Subsciucnlly  l!ie  actual  cautery  was  once  nsed,  hi  the  hope  that  perhaps  it  might 
caUK  a  more  thorough  ilrytng  np  of  the  profusely  discharging  mtface  in  the  Ta(iw; 
but  the  remits  o(it»u*c  were  unsali&factofy.  'Die  febrile  condition  tbal  followedwai 
alarming,  and  the  locol  pnin  was  lertific  for  several  days  after  the  operalioa.  Diirin| 
ttie  mmnicr,  local  applications  of  vanous  kinds  have  been  npcrimcoicd  wiik| 
among  oihcn,  a  mixture  of  iodine,  iodklcof  polaioium,  and  glycerine,  wfaidi  wM 
employed  it  the  fcuggcitjon  of  Dr.  Byrne,  and  with  good  effect. 

During  the  year  ihe  patient  had  taken  coddif-er  oil.  and  «c«pt  by  intervals  bat lud 
■  good  appetite.  Twice  a  Kvcre  and  protracted  attach  of  idailcn  lia»  been  lirotiglil 
Ml,  apparently  by  exposure  lo  cold. 

At  one  time  the  patient  was  conlincd  to  ber  bed,  and  was  aomewhac  hyiietbal 
Durbig  the  summer  the  external  part  of  the  growth  gradually  reap^'eared,  but  then 
iru  no  difficulty  in  urination  or  defecation  j  and  hence  we  conclude  that  the  portiM 
In  the  rednni  hat  not  greatly  enlarged,  aod  at  the  last  examination  ibc  coadkka  »l 
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the  rk^a  wu  not  scrwuily  altered.  \Vi'  hive  all  alunu  feared  lliat  the  dbeue  woutd 
emeDd  to  the  uterus,  but  euminaitoas  maJe  at  diAereni  tiiiiirs  give  lu.  evidence  of 
invoUcmcnt  of  ihjtt  organ. 

The  operations  were  perfomied  with  a  tbc-caiboa  battery  of  eighteen  cclb^ 
fiexhl/  ctiarucd. 

The  conMringing  jiower  of  the  current  mu  observed  at  both  pole\  but  moHt  d» 
cUcdly  at  the  pi>»tive.  After  each  Operaliou  tlieturfacC  prcKnte^  a  duk  aiid  some* 
what  cliarrcd  appearance,  as  thou(;h  it  hod  heen  iJighily  Uuracd.  No  large  artery  war 
■evercd  during  the  t>[>eiitions,  hence  it  vraa  nol  ueceuary  to  vaa  diixt  :h?  ligaturt 
or  persulphate  of  iron.  DuHrj;  the  winter  of  1873  Dr.  Byrne  t«rice  operated  on  the 
external  portion  of  the  growth  with  Ciie  gaJvaiw-cautcry.  The  r*»uil  wu  a  muU 
■otisfactory  healing  of  the  external  ulicr.  This  healing  was  much  more  permanent 
Iban  the  hcaiinj^i  that  fuU^>wcd  elcctrolj-sii. 

Wc  have  given  ihe  above  case  in  considerable  detail,  because  of  its 
great  interest  to  surgeons,  and  espcciatly  because  it  illusiraies  most 
vividly  at  once  the  value  and  the  tiniitalionsof  electrol^'sis  in  malignant 
tumors.     It  illustrates : 

1.  The  power  uf  cli'diolysis  to  control  hcniorrtiagc.  The  growth 
was  so  vascular  that  it  bled  quite  profusely  on  liie  slightest  touch,  and 
yet,  unrier  the  various  and  prolracltd  electrolytic  treaiinents  to  which  it 
was  subjected,  the  amount  of  blood  lost  was  but  a  trifle. 

2.  The  fact  that  the  electrolytic  treatment  docs  not  cause  shock,  to 
the  t;xteiit  tliat  similar  destruction  of  tissue  by  other  methods  would  be 
likely  to  do.  Twice,  when  chloroform  was  employed  as  an  anasihetic, 
the  pulse  acied  badiy  and  coinpcllcil  us  tosu^tpcnd  the  operation  sooner 
than  we  desired  ;  but  under  etherization  the  needles  were  used  for  half 
an  hour  and  longer  without  causing  any  shock.  The  stimulus  of  the 
current,  with  the  occasional  interruptions  that  are  required,  seemed,  by 
reflex  influence  on  the  central  nervous  system,  to  act  as  an  antidote  to 
shock,  aj  it  has  appeared  to  do  in  other  cases. 

3.  Better  healing,  and  later  reappearance  of  the  growth  than  after  the 
operation  by  ligature  and  caustics.  When  removed  by  ligature  this 
growth  sprang  up  wiiU  great  rapidity — in  the  course  of  a  few  daysj 
even  before  the  eyes,  as  it  were,  it  seemed  to  enlarge,  and  to  develop 
an  offensive  discharge  ;  and  the  base  never  began  to  heal,  even  on  the 
edges.  After  thorough  electrolysis  of  the  base,  this  growth  not  only 
did  not  show  signs  of  recurrence  for  several  weeks,  but  an  external 
tllccr  of  large  si/e  entirely  healed,  Willi  the  internal  ulcer  on  the 
feebly  organised  mucous  tissues  of  the  vagina  we  were  not  so  sncccssfuL 

4.  The  severe  irritative  fever  that  someiimcs  follows  clccirol3'sis. 
Afie.-  alt  the  operations,  the  patient  was  confined  to  her  bed  for  severa' 
(Livs,  and  was  more  or  less  distressed  by  In  A  animation  and  swellinK,  not 
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only  01)  the  etiges  of  the  ulcer,  but  at  some  c^ibtance  down  the  natrs  UA 
through  the  labia.  The  swelling  of  the  labia  was  so  grtrat  that  difficulty 
and  ]»aiti  were  experienced  in  |>assing  water.  It  should  be  noted.  bo«r- 
ever,  that  after  the  operations  with  the  galvano-cautery  and  the  .iclnil 
cautery,  the  irritative  fever  and  surrounding  inilaiuiration  were  luucb 
more  decided  and  distressing,  and  for  that  reason  we  returned  to  dec- 
trol)  sis. 

5.  The  litter  inability  of  even  ilic  most  thorough  and  repeated  elec- 
trolyzations  of  the  base,  to  pcniianently  eradicate  the  growth  in  those 
parts  where  it  was  £onnf(ted  with  the  mucous  membrane,  Althougli  Ik^ 
iasf  loas  thcronghly  worked  up  by  inserting  tlic  needles  into  the  healthy 
tissue  surrounding  it  so  as  to  completely  cut  off  all  communication  be- 
tween the  natural  and  morbid  parts,  yet  the  disease  extended  //-cm  th 
vagina,  until  quite  distant  parts  were  attacked  and  became  satunted 
willi  cancerous  degeneration.  The  external  portion  of  the  growth  con- 
nected with  the  perineum  and  nates  was  apparently  eradicated  u 
thoruiigUly  and  as  successfully  as  the  cases  of  epithelioma,  of  the  li[v 
jirevioiisly  reported,  and  the  subsequent  reap|jearance  of  the  grow 
was  due  to  the  extension  of  the  disease  from  the  vagina,  which 
could  not  be  thoroughly  affected    by  electrolysis. 

6.  The  comparative  value  of  electrolysis  and  galvano-cautery.  The 
healing  aficr  electrolysis  was  incomparably  more  satisfactory  than  aftct 
the  ligation  ;  but  in  the  course  of  months  the  growth  relumed,  appa- 
rently by  extension  from  the  vagina.  The  irritative  fever  that  followed 
the  electrolytic  operations  was  not  observed  to  any  marked  degree  after 
the  use  of  the  galvano-cautery,  and  more  time  elapsed  before  reciincnoe. 

Take  the  case  all  in  all,  its  long  standing  and  wide  extent,  its  ex- 
cessively rapid  groHth  and  stilt  more  rapid  reap[>earance  after  operati 
by   ligature,  the  frequent  repetition  of  long  electioly^alions,  and  tl 
temporary  bcneht  resulting  therefrom,  and  the  opportunity  it  affordn) 
for  comparing  the  advantages  of  electrolysis  and  gilrtno-canteiy,  it 
nuy  prob.nb!y  be  regarded  as  without  a  precedent  in  electro-surgery. 

Two  senerai  varitiies  ef  cancer  of  breast. — In  their,  rel^iioos  tti 
electrotherapeutics  there  would  appear  to  be  two  general  vaiictiesrf 
tumors  of  the  breast ;  one  variety  in  which  all  or  nearly  all  tlte 
mamma  is  involved,  and  which  is  very  hard,  fimt,  and  unyielding,  the 
skin  licing  tense,  glossy,  and  indicating  inflammation  and  indurattoo. 
The  variety  is  more  obstinate  and  unyielding  ;  the  pain  may  be  x> 
heved,  but  the  tumors  do  not  grow  smaller  under  the  action  of  thr 
current ;  they  can  be  diminished  in  sixe  or  removed  only  by  acttu. 
destruction  of  the  tissue. 
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In  the  other  variety  the  tumor  involves  but  a  liinlteil  portion  ct  ihi 
breast ;  the  skin  is  not  tense,  but  is  soft  and  yielding,  and  of  the  natura) 
color ;  tlic  grourlli  is  fL-tl  as  a  no<IuIe  beneath  the  skin,  and  the  pain  is 
not  usually  so  severe  as  in  the  otiier  variety,  and  the  growUi  is  nitich 
slower.  This  variety  is  the  one  that  is  most  disposed  lu  yield  to  elec* 
trical  treatment.  Not  only  is  the  pain  relieved,  but  the  tumors  grow 
softer  and  smaller.  In  other  cases  their  advance  is  arrested  by  the 
treatiuet)t,  $o  that  ihey  remain  stationary  for  months  or  years. 

Whether  what  we  call,  for  convenience'  sake,  and  for  clinical  reasons, 
only  two  varieties,  are  really  but  different  stages  of  one  variety  ;  whether 
the  latter  may  sometimes  conxc  under  the  head  of  abscess,  or  of  the 
atroph)ing  cancer  described  by  Billroth — these  questioni  we  resign  to 
the  pathologists  of  the  future. 


fJ' 


Fin,  tto. 
SdnKus  of  tHe  tiru&t  Ireated  t>y  orduury  elecUolysu.      Three  oocdlo  ooDnected 
with  oc^livc  pole  in  body  of  luraui ;  connection  made  by  a  apongc,  the  positive  pole 
at  the  indiiTerent  point  on  the  lupus. 

SarriuM  of  tkt  left  ireast  in  a  vtomrtH  aged  forty-Jive —  Comfttte  and  inslani  relitf 
fratH  extruttatiHg  pMH,  and  in  the  eouru  oj  four  days  di$«ffitaramet  ff  otttkatf 
tAa  growth  from  one  tUetrolytk  aftr^ion — Rttrxeuion  of  tht  diuatt  to  the 
totw/f,  TttuUing  in  dtalk. 

CASmCCXII.— Mn.  ,  aged  about  4S>  ■*■>  inmate  of  Bellevne  Hospital,  was 

ofliscted  with  cancer  of  the  left  breast. 

The  tnaui  poition  of  itie  si.-irrliu&  was  the  sax  of  an  ordiaar^  orange,  and  extcnd- 
ing  into  ttic  axilla  were  a  number  of  cancerous  nodules  of  conii'leroble  aze. 

The  lurroaQLling  and  intervening  tisue  was  as  hard  and  luiyieldini;;  as  the  tumor 
luelf.  The  process  of  tappuralioo  'iti^  betfinninj;  to  manifest  itierf,  anil  for  tevera' 
weeks  the  paiieot  bad  sufferad  night  and  day  the  most  cxcmciating  pain  thnough  the 
iL«eas^  parts.  The  first  operation  was  performed  in  one  of  ihc  w^rds  of  the  hos- 
pital, in  the  presence  uf  Prof.  Krank  II.  ilamillon  (who  had  requested  us  lo  ojicialr 
by  the  eVdiolytic  mctliod}  ani]  his  private  class.     The  patient  having  tieen  etl.e:  bed, 
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wc  iDtTCKluccd  deeply  ioto  tlie  uppec  porlioa  or  tbs  breM  lliree  pided  HAtdlo,  ai> 
with  A  foiirih  tninitfixed  the  largest  of  the  axUlsry  Bodula.      Tlie  po4tivc  p«>l([fl 
large  tuuitt  ipougc)  wus  applied  10  tlie  under  portion  of  the  gliai.     Ho  very  ttcciiled 
change  vnit  manifcsi  in  the  appearance  of  the  ma^  during  the  operaitan  oitier  iliaa 
tame  puf&ng  up  u(  (he  ikio,  due  to  the  diMnfa^cd  b>diogen  ;  but  very  loon  «fta  il 
began  lo  ilecreue  In  ^uu,  ami  bi  one  week  oot  oti\y  had  all  the  hanlucB  of  lb*  va- 
rounding    li»ue    and    all  tlie  axillary  CDlargcmcnti  entirely  dUappcarcd,   hot  th* 
maminar)-  lumor  hod  d6creas«l  In  si/e  at  leut  one-halC     The  most  gnterul  relief  tht 
]iati«nt  oLpeheDccl,  however,  was  the  complcle  and  seemingly  pcrmaoent  dUsipctiM . 
of  pain.      In  ten  day>wc  again  operated,  am)  by  the  u me  methtid,  in    the  ampht' 
theatre  and  before  Dr.  llamiUon  and  Ibc  ic^ular  cbu  of  the  college.     On  the  fuj- 
I'^wlng  day  the  patient  Celt  to  cotnfortable  iliat  «he  left  the  hnvpitnl,  and  in  a  nreck'a 
time  prcxnted  hcr»c!f  for  examiiiation,  wtien  it  wa*  found  that  llietc  had  boEii  a  ttM\ 
furtho'  dccreate  in  the  nie  of  ihc  tumor.     She  still  remained  entirely  free  from  pda^J 
and  vrat  delighted  with  the  results  of  tlic  treatiucnt.   Most  unfonuiiatdy,  we  now 
ri^ht  of  the  patient ;  bat  a  few  months  sulncquendyshe  returned  toilic  hospital,  anflbpi] 
i[\g  from  malignant  diteaie  of  ihc  inlcslinc,  of  which  she  died. 

Tlie  following  is  a  condensed  T€\*on  of  a  case  ireaied  by  as  in  co- 
operation with  Dr.  A.  B.  CrcHby.  Wc  give  it  sabaiantially  as  dcuulal 
by  him :  • 

A  tost  of  ttirrima  of  thr  rtelum — RtUtf  of  tym flams — SatUfattory  kMUm^— 

Dtoth. 

Case  CCXUt.— Mrt.  L  ,  nged  60,  a  lady  of  a  ncrvoai^  bat,  on  the  wbole.  oil 
hcftllhy  lempcTameni,  came  under  our  c^rc  Norcmtier  ;i  •.  For  three  yeat^ab*  had 
jeen  fcuUcring  from  a.  tumor  of  the  rectum  that  was  endeally  of  ■  maUgiwnt  cfcano- 
ter — such  at  lea<^t  hod  been  the  opinion  of  the  large  aomber  of  phywcians and  raigwu 
who  had  seen  the  patient,  bougies  were  frequently  inserted aiKl  nu-iuun  mnedk*  W 
been  te»tcd— among  olhcntcundurani^o,  uhlch  the  patient  Ihoaglil  afforded SOOM fdk£ 
On  exnminillon,  it  was  found  that  the  growth  extended  about  three  bdMsoptbeice* 
turn,  forming  a  hsrd  ring  and  a  slriclure  so  narrow  in  the  upper  portion  as  baldly  lo 
admit  the  end  oFlhc  indcx-lingei.  The  patient  was  toimenied  with  HatulefKc,  arf 
t]te<lb>trevi.in  the  region  of  the  tumor  and  of  the  nerves  that  >upptied  it  was  «■; 
great,  The  |>aiD  in  defecation  was  sc^-crc.  and  [Ik  patiaa^ii  were  vtaM  and  nry  few- 
quciii.  Slie  was  able,  however,  to  go  about  the  hoLne  more  or  less,  uid  OGcaAHuUf 
rode  out. 

We  b^^an  ireaiment  by  locnliml  gnlvanitation  exiemally  by  vartom  forms  of  rcctiJ 
electrode!.  By  iheie  applicmtioni,  there  was  a  decided  and  graleful  rclicr  of  the  laia 
and  of  the  flaiulroce.  This  relief  continued  so  long  as  this  method  of  ire^nMDt  «a* 
ned. 

January  7th,  \>t.  A.  IJ,  ("rmbv  rupturrd  the  sphincter  with  the  amicuttoeAf  Pti. 
Reese  and  Osirander,  who  administered  ether.  We  operated  uith  a  nnc-carboa  bal- 
lery  on  Ibcsc  protuberances  by  the  ordinary  method  of  declrAlysls.  Tl>e  tcn^  tsttl 
needles  were  used.  The  opcraHoa  was  followed  by  some  irritative  (rw,  bat  tht 
patient,  on  the  whole,  Imreit  excellently,  and  1  lie  whole  growth  was  t«UMdl>  tWi 

*  Archives  of  Eltctrology  and  Neurology,  May,  1S74. 
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tb*  puuscs  were  aisier.  Three  m-eeks  after  the  operation  tht  piltent  iruv?r| 
Riach  belter,  tad  went  roiim!  the  hou^ 

The  operation,  which  ]med  forty  minntes  includirg  intenniiticot  conmted  ir 
irkicrting  one  needle  coniie<:Te>)  with  the  positive  ]>ole  into  the  body  of  the  growth, 
while  the  aegative  iteedles  were  run  through  the  Im»c  »od  made  to  tM^i  arcutut  the 
in«iile  of  the  rectum  at  the  base  of  the  tumor,  as  far  m  it  was  deemed  fururient  to  go. 
The  growth  wsa  mostly  removed  in  thi*  manner.  ai\d  with  verr  little  heroorrhi)^ 
1'he  entire  (hbty-two  celts  were  employed,  and  (he  patient  was  kept  tinder  ether  for 
iwo  botirfc  Irritative  fewr  followed  the  operation  for  five  days.  The  pult  weal  up 
to  I30.  There  k'os  tome  flatulcnrc  and  pain  in  the  abdomen,  but  no  positive  tender- 
ness. There  wu  consiUciabk  urethrxl  irciUtLon  and  dysurU,  and  the  utitie  »a3 
drawn  by  a  catheter. 

It)  a  Kw  days,  the  patient  was  able  to  diichaige  laxgc  and  well-formed  r»:es.  Tot 
•)iont  a  month,  there  was  wme  divhargc  from  the  rectum,  but  no  symptoms  of 
pjvmia,  or  of  pcKlonitis  or  of  ceLlutitb  that  might  be  feiucd  from  so  formiilBble  an 
openuion. 

From  May  to  June  there  was  but  little  paia  in  the  rectum  comparttively,  and  the 
palieni  was  able  to  walk  abont  and  to  go  out, 

Hay  15th.  the  patient  rude  out  with  comfort,  and  ahe  strongly  hoped  that  the 
relief  would  be  permanent ;  but  there  were  signs  of  a  recurrence  of  the  growth,  in* 
crea&ing  stiicttirc  vid  induration,  aiiJ  the  f.eces  grajJually  became  smaller. 

During  all  thi*  time.  Dr.  Cro«hy  wm  in  the  habit  of  introdiiring  itponge'tenta  of 
good  lixe  about  every  nccV  or  ten  day^ 

Dr.  Crosby  being  called  away  July  ist.  Or,  George  K.  Smith  was  called  in,  and 
H^getted  the  use  uf  ux-gall  tRJcctioo  to  aoften  the  fxces.  This  ngge*tiun  was  actd 
upon  with  good  roulis. 

The  patient,  who  was  su1>KqucRlly  seen  by  Dr.  Colton.  gradually  grew  weaker 
during  the  vxccsalvc  hi^at  nf  the  summer,  ami  dieil  thilober  Z7th  of  the  following 
year,  npparenily  from  exhaustion. 

Dr.  Crosby  (hits  epitoiiitzcs  the  important  features  of  this  case  in  its 
elect  ro-surgicai  asjKcts  1 

"  Tliat  this  growth  was  malignant  was  evident  from  the  historj-  of  the 
case  and  all  the  symptoms,  and  was  established  by  the  niicro.««»|>ic  ex- 
amiiiition  of  Dr.  S|jier.  J  am  cJi';|K>scil  to  believe  that  if  ilie  lumor  hati 
been  in  a  position  where  it  cotild  have  been  more  readily  readied,  and 
where  the  whoU  growth  and  tkt  adjacent  farts  coiikl  have  been 
ihoroiighty  elcctrolyzed,  tlie  results  would  have  been  ver)*  mnch  better. 
As  it  was,  it  seemed  unjustifiable  to  interfere  too  seriotisly  with  the  gut, 
lest  we  might  destroy  it  and  prodiice  recto- vaginal  fistula. 

"The  stricture  extended  upward,  about  three  inches  above  the  aofis. 
and  ranged  from  three-founhs  of  an  Inch  (o  an  inch  in  breadth. 

"  It  was  only  at  one  poini  anteriorly  that  it  extended  higher  than  three 
inches.  At  this  point,  a  little  indurated  tissue  could  tiot  be  rciuovcd 
withom  endangering  the  recto-uterine  pouch  of  the  peritcncuiu. 
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*'  \Vhatcvcr,  then,  might  have  been  hoped  in  case  ihe  removal  hid  t>«r 
absolutely  complete,  it  was  certain  that  the  di.<>ca5c  must  coniinue  lo 
develop  in  this  particular  case.  Anatomically,  three  inches  of  the  rec- 
tum— that  is,  [hat  portion  within  the  perineum— may  be  safely  removed 
by  the  knife  even.  In  the  above  case,  the  spear-pointed  clectfodcs 
brought  away  a  large  annular  mass  of  scirrhus  when  the  opcnttkmvai 
performed. 

"This  was  followed,  a  few  days  later,  by  the  sepajation  of  a  brp- 
annular  slougli,  and  the  rectal  wall  was  left  soft  and  free  from  diseate, 
except  tlic  small,  indurated  siK>t  that  extended  above  tlie  door  of  the 
pelvis  and  could  not  be  safely  removed.  It  is  a  fair  question  wheibei 
if  the  opcrntion  had  been  done  earlier,  radical  ini|>rovcntent  might  not 
have  followed. 

"A  point  of  practical  convenience  was  seen  in  the  method  adapted 
to  reach  the  stricture. 

"  I  first  completely  ruptured  the  sphincter  ani.  so  as  to  induce  coai> 
plcte  relaxation.  A  piece  of  two-inch  Ie.id  pipe,  about  two  inches  in 
length,  with  a  handle  soldered  on  one  side,  made  an  excellent  speculum, 
which  was  pushed  up  to  and  brought  tlie  stricture  fully  into  view. 

"  Through  this,  it  was  possible  to  carry  the  spear-shaped  elcctrodei 
through  the  stricture  with  ease  and  certainty,  and  move  thcni  fieely 
around  the  circumference  of  ihe  bowel- 

"  This  case  showed,  what  I  have  witnessed  in  other  cases  treated  hf 
electrolysis,  no  primary  shock. 

"The  irritative  fever  which  followed  was  very  marked  for  some 
days,  but  there  was  no  primary  disturbance,  either  of  Icmperaiure  Of 
pulse. 

"The  removal  immediately  by  the  electrodes  and  secondarily  by 
sloughing  of  so  much  tissue  necessitated  free  granulation. 

"  The  repair  which  followed  was  unusually  rapid.  Id  &ct,  in  ifaii 
and  in  other  cases  treated  in  the  same  way,  I  have  been  irai>re55ed  with 
the  fact  that  proliferation  is  very  rapid  after  electrolysis. 

'*  In  this  case,  the  granulating  surface  healed  r&pidlyand  completely. 
We  anticipated,  independently  of  any  recurrence  of  the  disease,  dedded 
contraction  of  the  cicatricial  tissue. 

"  Electrolysis  did  not  save  the  patient's  life,  but  it  was  more  effideol 
than  any  plan  of  treatment  I  have  seen  adopted  in  Uiese  most  distica 
ing  cases." 
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SiUrfatitH  of  «  mammary  taHtir  hy  tkt  kni/t,  foHmotd  by  tompttit  Jesfm,thil  *f 

rV  underlying  iUnt  by  tltetral^  m — fltapftarant*  of  tht grvwlh. 

CasrCCXIV. — MrT,  II.,  a  marriol  laJy,  »ged  about  forty,  came  under  our  obsem 
lion,  through  the  kindne&s  of  Pruf.  J.  L-  CabcU,  of  the  Uoivenuly  of  Vitginlx  The 
patient  was  vuiTerine  from  cmncer  tKirrhus)  of  ihe  left  Ueost  of  ibout  lli«  tiie  t^  ut 
onlinary  oi<Lni;e,  and  in  addiliau  one  «f  the  axillary  gtaniU  wfts  tnlar|^  to  the  pro- 
ponions  of  an  ordinary  hickory  •nut. 

She  hail  oliKivcd  wliilc  in  India,  eighteen  yean  before,  a  tmoll  lump  in  the  lireast, 
l)ul  during  all  the  yean  of  her  rcfidencc  in  thnt  climate  it  remained  stationary  and 
never  annoyed  her.  About  eii^hlecn  months  before  we  saw  licr,  slio  left  India  for  Eng- 
Laml,  and  soon  after  arriving;  in  that  colder  uid  damper  aimo<)pherc  the  lumpb^na 
to  enlarge.  I>arine  the  ptocru  of  its  (^wlh  >be  has  suffered  from  occasional  neural- 
^c  patns,  but  of  no  great  teverity. 

On  Jane  13,  l^andaS,  we opirratct]  by  tbeonlinary  tiicthixlof  eledrolysb,  oneadi 
occastcm  introducinj*  three  steel  nec.lle*.  Thcw:  efforts  merely  resnltcd  lo  a  softer 
condition  of  the  Itunor,  with  powit^y  tome  ktight  diminution  in  liie,  •nd  we  deter- 
mined to  extirpate  the  growlh.  and  lu  destroy  Ihe  surrounding  luaue  by  Ihe  under* 
mining  electrolytic  proccu.  Tlte  patient  went  to  her  home,  and  in  Octoljcr  she 
relurned  and  submitted  to  the  rmlical  o)>erBlBon.  [i»lea<),  hovret-er,  of  taking  away 
Ihe  lumar  by  the  proccu  propo«e(l,  we  secured  the  services  of  Dr.  A.  B.  Crosby,  who, 
on  Ihe  e^hth  day,  after  the  patient  had  been  ihoroiiglily  cthericcd  by  Dr.  N.  D. 
Emerson,  fjuickly  removed  both  the  breast  and  the  enlsTBcd  gland  of  the  axilla. 

We  liod  at  bond  an  appliiintre  conMstiii){  of  some  twenty  points,  projecting  from  a 
metal  pUte  an  inch  and  a  half  long,  by  on  inch  in  width. 

This  contrivance,  which  we  call  a  harrow  cicctro>'<.  was  placed  on  a  poition  of  the 
sarface  of  the  wound,  and  the  operalion  was  coniinued. 

The  needles  penetrated  soinewlial  into  ihe  e.^poicO  lissuef,  and  the  electrolytic  pro* 
cess,  which  was  at  once  b^im,  gave  evidence  of  its  nsual  activity.  Hydrogen  wu 
developed  in  abundance,  and  the  timics  changed  In  color  and  coniisiency,  and  rapid 
and  complete  ilcstruction  followed  to  a  considerable  depth.  By  this  method  the  whole 
of  the  freely  exprned  surface  was  worked  over  and  destroj'ed,  and  those  ponloni  that 
were  more  or  less  hidden  were  treated  by  two  or  three  ordinary  electrolytic  needles. 
It  was  necessary  to  observe  .wme  caution  in  the  regulation  of  the  Mrcnglhof  t)ie 
current  aiid  Ihe  poutlon  of  the  poles,  fur  when  Ihe  cuneiit  was  increased  above  a  cer- 
tain point,  or,  through  the  jMHiiionof  the  poles,  affected  too  directly  Ihe  pnoumo- 
gastiic  nerve,  tlw  heart's  action  became  most  markeclly  lowered  both  in  fre<jucncy  and 
force.  On  modifying  the  influence  of  the  current,  however,  the  circulation  became 
as  strong  as  UMial— for  a  moment,  indeed,  there  was  an  increatcd  viyor  in  the  icaclJun. 
The  mppuraiiun,  which  was  quite  profuse  for  a  time,  was  folluwetl  by  a  heali)ky  gra* 
nul.iling  surface,  and  in  len  dap  the  patient  was  sulTKiently  recovered  to  rctntn  to 
Virginia,  where  tlic  hEalii^  proccu  progrened  favorably  ibroughouU 

Some  <'.•*.  months  subscqucni':  tbe  growfh  began  to  reappear,  and  rinalljr  de- 
stroyed ihe  patient. 

The  above  history  is  of  interest,  simply  as  an  illustration  of  the 
ipccio.!  methocl  of  treatment  employed.  The  case  was  of  many  years' 
standinjt — for  two  years  the  growth  had  been  conslanlly  ertlargtng,  in- 
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votving  the  axtlliry  glands — hence  it  cam.rt  by  any  means  be  regarded 
as  a  test  case.  Of  the  two  methods  of  treati.'.qr  scirrhus,  vix.,  the  n 
mova1  of  the  growth  by  the  electrolytic  process  au  in,  without  the  uie 
of  ihe  ktiife,  or— aa  in  the  case  just  related— cxtirpau-n  by  the  knife, 
with  the  subsequent  emplojinent  of  electrolysis  for  the  ptiriiose  of 
destroying  the  reproductive  power  of  the  disease — the  latter  seemsi  al 
lea.sl  to  one  of  the  authors  of  this  wurk,  decidedly  preferable. 

By  this  method,  although  two  distinct  oj>erations  are  pcrfornicd,  Ini 
time  is  consun)ed  in  the  oi>cration,  and  it  is  possible  more  cffcctuoUyi 
and  lo  a  greater  depth,  to  destroy  the  underlying  tissue. 

Relitf  of  the  pain  of  cancer  by  gait'anization. — So  long  a*  we  arej 
able  to  do  so  little  towaj'ds  the  radical  cure  of  the  worst  fonns  of  cancer^ 
it  can  never  be  amiss  to  dwell  upon  any  means  that  will  even  for  a 
time  relieve  the  awful  agony  that  eo  frequently  attends  iL 

It  is  not  sufficiently  understood  what  a  magic  inllitence  an  Jntelligentljr 
directed  application  of  the  constant  current  exercises,  as  a  rule,  over 
the  throbbing  pains  of  scirrhus,  especially  of  the  female  breast, 
woman  at  Ikllcvuc,  we  referred  to  in  Case  CCXH.,  p.  739, 
suffereti  most  severely  for  many  weeks.  After  the  first  introductioa  ol 
the  needles  ever)'  vestige  ot  pain  left  her,  and  during  the  two  weeks 
that  she  was  under  observation,  before  leaving  the  hospital,  she  «u 
entirely  comfortable.  A  number  of  similar  cases  might  Ik:  reconled, 
but  wc  will  offer  only  the  following,  which  is  perhaps  of  more  interctt 
than  the  majority: 


An  immtntt  tiUtratimg  ttirrkiu  «/  tkt  irtatt  atUniitd  hf  tkt  mMt  em-Miating  mmi 

etmtani  agony — No  relief  fgliinus  ikt  uie  of  tkt  galvttno-tavltry  or  tietft 
h¥t  t-y  exttrnat  gaivanitalio't  the  f^n  is  kept  almvtt  fHltr/ly  im  siryamre 
moMtke. 

Case  CCXV.— In  February,  1S73,  Mrs. ,  a  patknt  of  Dr.  ETvrett  lit 

came  \n  un,  scektTig  Tclicf  from  in  immcnw  vlccniiing  rnnrer  uf  the  breasl. 
tumor  liaiLl  Ijcen  removed  cnoic  than  a  year  previously  by  Ur.  W.  H.  Van  Bn 
t>ul  lFi«  wojnd  Jill  not  eniirely  lical,  an-l.  a  fciv  monlhuuluciiuenllyt  ihe  ulcrrsic 
j>roc««  began,  and  stevUly  prn^reciiiol.     F«t  many  moathi  the  pob  from  which  ita 
nfTcrvd  had  been  of  unusunl  wrerETy. 

By  the  advice  of  her  phyfltian*.  above-named,  she  wa?  mbmilicd  to  localbad 
vaniuiioR  of  the  sound  poriiiin*  surrounding  the  oWniiing  part,  ami  liy 
applications  ihe  intense  paint  were  (or  nearly  Tour  montlii  hcid  in  almo<4  coat\ 
abeyance.  At  times  liovevcr,  her  sutTcrings  were  most  tniense,  and  worda  laS  I0< 
prea  the  insouilnneous  and  absolute  relicr  that  invarubl;  Tullowed  Uie 
We  woulrl  occasion:!!!)-  find  Iier  in  Ihe  morning  suffimng  inoi*  acotdy.     An  ap 
tion  would  disiijisie  tlie  ^ins  and  fur  iw-enty-four  hourx  frequently,  mim) 
for  forty-ei^hl,  *ht  would  move  about  and  rwl  in  perfect  comfort.     In  the  latter  1 
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c>f  May  il  was  ahRcrvetl  thai  the  cuircnt  did  not  alTiHd  the  same  relief  as  foinieilf 
The  chnracter  of  her  mfTcHnj*  hatf,  howcTer,  changed.  In  the  place  of  the  sharp, 
thooiing  paitis  simulating  neuialgia,  (lie  diilrcu  coosi&ted  in  a  cunitant  liurninji  and 
iicMnjT,  which  annoyed  bei  more  or  less  until  her  death  some  Tew  months  sohse- 
qiietiil}'.  It  muu  be  remarked  that  her  later  sulfefittgs  were  ikot  to  be  cotDi«red  uiit 
thaw  which  the  current  so  efTcctnally  allajrcd. 

Wfts  the  change  in  the  character  of ttcr  fnin^  the  result  of  the  4;alvanlialioD,  or  \$ 
it  probable  that,  if  left  to  nalirrc,  the  charactcrt.iiii;  neural;:ic  pains  would  in  the  same 
wajr  have  been  replace*!  by  the  less  di-Hressing  »yniptotn»  uf  itthiiig  aiid  burning  ? 

It  h  imfMssihIc  to  say,  but  it  Kents  reasonable  to  altribdle  the  changed  action  to 
the  inAueni-c  at  treatment.  It  b  proper  to  say  that,  during  the  coarse  of  Ireatmcnt, 
are  oj>crBI«I  in  the  presence  of  Dn.  Van  Buren  and  llcrrick,  by  both  the  galvano- 
cantcry  and  electrolysis,  with  (he  rain  hope  of  modifying  in  tome  degree  the  profuse 
and  ofTcn^ve  discharge  and  checking  the  rapidity  of  ihe  ulcerative  process.  This 
case  wa*  alone  sufttient  to  teach  the  necessity  of  care  in  the  a[iplication  of  electricity, 
and  to  confirm  the  statement  that  it  is  not  so  mitch  electricity  that  relieres  and  cam 
ai  the  method  of  using  it.  An  application  too  prolonged,  or  with  a  current  of  too 
great  lention,  wovdd  not  only  fail  to  relieve,  boi  on  the  cnnlrary  decifledly  aggravate 
Ihe  diMre^ik  The  cathode,  applied  to  the  seat  vf  patn,  did  rot  relieve  as  dkl  the 
inoilt 

The  pam  vras  for  some  time  t>vercom«  by  simple  localticd  galvanisation,  but  dur- 
ii^;  tlie  last  weeks  of  treatmcni  the  applications  were  cATectnal  only  when  the  dec- 
trr<let  were  separated  at  hr  as  possible. 

Dr.  J.  Inhales  Parsons  has  advocated  the  interrupted  galvanic 
current,  with  reversals  in  tlic  tre.itmcnl  of  cancer,  on  the  theory 
that  the  low  vitality  of  the  cancer  cells  is  extingwishctl  by  the  siitlden 
voltaic  alternatives.  It  certainly  relieves  the  pain  in  these  cases  as 
docs  the  simple  continuoiis  action  of  the  niirent,  but  experience  has 
not  yet  shown  that  it  materially  arrtrsts  the  progress  of  the  disease. 

Adenitit, — liiiUrgcd  glands  of  the  neck  or  groin  may  be  tre-ited  by 
external  faradization  wiili  strong  currents,  interrupted  so  as  to  break 
lip  the  glantU,  as  re  com  iii  ended  by  Meyer,  or  by  external  galvaniza- 
tion, or  by  electrolysis. 

The  prognosis  is  very  capricious.  In  some  cases  the  enlargements 
diminish  quite  rapidly,  and  entirely  disappear  ;  in  other  cases  they  are 
as  obstinate  as  scirrhiis  of  the  breast.  In  one  case  referred  to  us  by 
Dr.  C  1-  Mitchell,  an  enlarged  pn,rotid  gland  was  treated  at  iirst  by 
external  faradization  and  galvanization  with  the  effect  of  hastening 
suppuration.  After  the  ttnnor  was  opened  the  inner  porlions  were 
treated  through  the  opening  by  mild  electrolysis,  and  the  tomor  speedily 
disappearctl. 


Ih  the  treatment  of  aneunsni  the  greai  end  sought  is  coagulation.    A 
knowledge  of  ilie  difTercntial  action  of  the  jkiIcs  in  producing  coftgnl& 
tion  is  essential  to  an  intelligent  use  of  electricity  in  treating;  aneruruto. 
Coagulation  takes  place  at  both  poles  of  the  galvanic  current ;   ihsi, 
St  the  positive  pole  being  small,  black,  and  hard  ;  and  thai  at  t)ic  oega>j 
live  being  larger,  softer,  and  of  a  yellowish  color. 

Anenrisnts  may  be  treated,  wiUi  greater  or  less  success,  according 
their  si/e  and  position,  the  condition  of  their  waits,  and  general  health' 
of  the  patient,  by  either  of  the  poles,  or  by  both  combined. 

The  best  method  for  the  majority  of  cases,  certainly  for  aneurisms 
ttny  considerable  size,  is  to  use  both  poles,  and  a  large  number  of  needU 
that  are  insulated,  so  that  t)ic  current  will  not  act  on  the  waits  of  the 
aneuris-n.  In  the  treatinenit  of  aneurism,  especially,  careful  insulation  is 
needed.    The  advantage  of  using  both  [wles  is  twofold. 

//>j/. — A  double  clot  is  formed,  one  at  the  positive  and  the  other  ai 
the  negative  pole.  Alihongh  the  negative  clot  is  soft  and  )'icIdiQg,  still, 
in  combination  widi  the  jiositive  clot,  it  is  of  decided  service  in  clostn^f 
the  aneurism  ;  and,  so  far  as  we  can  ascertain,  there  is  no  eridence  thai 
etnboUsni  is  ever  caused  thereby. 

Secondly.  The  resistance  is  greatly  reduced  by  placing  needles  con^ 
nected  with  both  poles  in  the  sac,  so  tlut  the  electrolytic  action  t: 
very  much  more  effective  than  when  one  pole  is  placed  on  the  surface 
of  the  body.  The  blood  is  the  portion  of  the  body  that  best  conducts 
electricity  ;  and  when  both  poles  are  inside  of  the  sac,  and  near  to  each 
other,  as  of  course  they  must  be,  a  mild  current  iril]  cause  vigorous 
elcctrolj'sis.  On  the  other  hand,  if  one  pole  be  applied  by  a  wet 
sponge  to  some  indifferent  point  on  the  surface,  a  strong  current  ti 
needed  to  produce  a  clot,  and  a  long  operation  ;  and,  unless  the  sponge 
on  the  surface  is  occasionally  moved,  it  wcutd  cause  great  pain  ;  andi/ 
the  patient  is  under  an  an.-csthetic,  a  blister  may  be  caused.  As  the 
negative  pole  is  more  painful  than  the  positive,  when  the  positive  atocc 
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is  in  the  aneurisin,  the  negative  on  the  stirfacc  may  be  very  iincomfort- 
able,  even  with  a  feeble  airrent.  \Vc  arc  aware  that  tolerably  good  re- 
sults have  been  secured  in  many  cases  of  aneurism,  and  especiaJty  by 
the  English  surgeons,  by  the  positive  pole  alone  ;  but  we  suspect  thai 
better  resiilis  might  have  been  obtained  if  both  poles  had  been  inserted 
into  the  sac  At  all  events  the  use  of  both  poles  should  be  thoroughly 
tested  « 

In  the  electrolytic  treatment  of  aneurisms,  as  in  so  many  other  elec- 
trical applications,  it  ts  an  advantage  to  have  a  rheostatc,  so  as  gradually 
to  let  the  current  on  or  off  without  shock. 

Siatistics  of  Aneurism  treated  by  Electricity. — ^The  published  statis- 
tics of  aneurism  treated  by  electricity  are  of  little  or  no  value,  and  for 
two  reasons  :  i.  They  represent  experiments  made,  in  a  large  percent- 
age of  the  cases,  by  those  who  are  but  little  familiar  with  Electro- 
Physics,  or  Electro- Physiology.  Quite  frequently  the  poles  have  been 
confounded,  so  that  it  is  impossible  to  tell  whether  the  positive  or 
negative  is  used,  and  from  many  of  the  accounts,  it  is  impossible  to 
tell  even  approximately  the  strength  of  current  employed. 

a.  The  statistics  arc  itcrivctl,  in  part,  at  least,  from  cases  that  are  re 
ported  too  early.  The  temporary  relief  that  results  from  the  coagulum 
formed  in  the  aneurism  by  the  chemical  action  of  the  current  has  been 
inleri>reted  as  indicating  a  ]>crfect  recovery. 

Some  of  the  rases  hastily  reported  as  cured  probably  died  soon  afler, 
if  not  before,  the  account  of  their  recovery  was  fully  In  print. 

For  these  reasons  we  omit  all  the  statistics  that  have  appeared  on 
this  subject  ;  preferring  the  general  average  o])inion,  so  far  as  it  can  be 
obtained,  of  those  snrgcons  and  electro- therapeutists  who  are  best  qual- 
ified to  speak  on  this  subject. 

Our  general  conclusion,  derived  from  many  eKperinients  on  animals, 
from  actual  experience,  and  fnini  a  comparison  of  the  various  observa- 
tions that  have  been  made  on  the  subject,  is  that  for  those  varieties  of 
aneurisii] — such  as  the  thoracic,  abdouilnal,  and  so  focth — that  cannot 
well  be  treated  by  the  old  methods,  and  in  some  cases  for  those  that  are 
accessible  to  other  treatment,  galvano-puncture,  righLly  [verfonned,  may 
be  of  great  service  in  relieving  the  accompanying  symjnoms,  inprolong- 
ing  life,  and  may  now  and  then  achieve  a  radical  cure. 

The  following  case  is  condensed  froni  the  published  accoant  of  Dr. 
Keyes,*  in  co-operation  with  whom  ilic  operations  were  ma/le : 

*  New  Vorlt  M««!teal  JouttibI,  December,  1871. 
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Am/nritm  af  tMamtual  aorta  treaitd  by  gatvant-futteiure — Rttief  ef  ^fmfttmt— 
Death  end  foft-mprlem. 

Cass  CCXVI. — A  widow,  43yc3nof  age,  hadbeenaHlicied  Ibf  muiy  mnatht  wbk 
a  "swelling  in  her  stomach,"  that  all  llie  tureeons  rq;Krd  u  aoenrism  ofthcfopcriu 
me^enlfHc,  orortheai>ri&.  TIk  paiknt  wiuln  Cliority  HcM|i(!al.  Tliere  wu  piin  In  the 
cpif-j^lric  region,  which  was  aggrnrated  by  movinncnt.  Tbc  tumpr,  which  wax  ahwit 
the  kiu  of  ihe  fitt,  wns  MtuRled  to  tbe  left  of  ibe  medUin  line,  and  extended  •  lililc 
below  the  umblllciiK.  A  thnll  codd  be  detected  at  the  upper  part  of  the  tunor,  bu 
not  at  the  lower. 

The  patient  wax  gnidtially  failing. 

The  only  caw  of  ireaimcn:  of  abdominal  aneurinn  by  i;iilvano-pitncttire  recorded  tf 
that  lime  wnii  tlut  of  an  ItilJAn  nobleman,  a  pnticnt  of  Dr.  Kelke  Dell'  Acquta.*  \» 
tlii^  en."*  the  pattiMit  (lied  directly  after  ibe  operaltofl  from  rupture  of  Ihe  aiicuttunal 
sac,  cauied  by  violent  niuKular  contraction!  while  under  the  influence  of  cMomfornk 
Tliree  needle:^  cunneclcd  witlt  a  voltaic  pile,  were  lued  foi  furly  minutes.  Only  a 
■Biall  coifrulum  was  formed. 

March  3DII1.  A  bollnw  steel  needle  was  cautiously  imroduced.  and  connected  witti 
the  positive  pole,  while  the  negfative  pole  was  «ppliecl  externally  by  me&ni  of  a  Aat 
ftpon^.  Only  from  eight  to  twelve  zinc-carban  cells  were  utcd.  Or«.  Wood,  Sayrc. 
and  Muon  mikde  digital  compresuon  to  the  aorta  below  the  umbiliciii.  The  needle 
adhered  and  conic  out  with  uitie  di/BcuIty,  bui  uo  lilooi]  followed.  Tht  brttit  twmed 
fainter  than  &ffore  tie  «p^rati9it.  No  unplea.vini  re«iilt  roilowecl  except  lonie  pidn 
that  was  produced  by  the  compression,  and  eicbaustivn  that  was  produced  by  the 
etberizatioiL 

April  Cth,  Operated  as  before,  but  with  two  positive  iteetlles,  insulated  to  wilton 
a  iliort  du;=jce  of  the  points.  One  of  the  needles  was  hollow,  if»d  was  introriitced 
until  the  blood  flowed  tliroujih  it.  From  twelve  to  K«teen  ftesldy  climbed  ttnc<arboa 
cells  were  uwd  fur  lwenly-&vc  minute*.  The  soli>!  needle  was  more  acted  on  than  Ibc 
Hollow  needle,  being  nearly  destroyed  at  the  non-inculaled  extrcmily.  No  co«npre«iiM 
was  nseil.  Btfort  the  vferaliffH  two  murmurt  were  heard ;  after  the  oferati*n^  bat 
one.  Patient  tulTered  less  than  after  the  other  operation.  Some  frriiative  fever  ap- 
peared.    Evidence  ofsoIidiTit^ation  uf  the  tutnor. 

>fay4th,  Slxpodtive  needles  were  introduced;  three  connected  with  a  rinc-c«rboo 
battery  of  seventeen  cells  with  Xtr^  plalet.  The  current  was  posMd  fur  fony-ooc 
■ninutet.     There  was  no  compresdon  of  ilie  aorta. 

June  Xld.  Patient  greatly  improved :  geU  «p  toA  drtise*  herself.  Tumor  tjiritr 
hard. 

Uxd  two  batteries  as  tn  previous  operation.  Eleven  needlcf  were  uied,  and  tbe 
current  waj  (uisied  sixty-five  minutes.  Tlierc  was  les  irritation  after  ihb  than  alJcr 
the  other  operations,  Tbe  tumor  became  harder,  but  not  acaallcr,  and  a  raunnai 
could  be  beard  only  with  great  tltlBculty. 

In  spile  of  the  improvement  in  the  condition  of  the  lamof  tbe  patient  grew  wctktf 
■od  weaker,  and  died  of  exhaustion,  July  tS. 

PMt-mitrteiH  eitaminaTion  by  Dr.  Drake  revealed  the  stirprisitig  fact  that  the  patieait 
had /Arr/anncri>wij.' one  of  the  arteriainnoininalj  about  twice  the  uce  of  an  Roftiih 
walnut ;  one  of  the  aorta  opposite  the  nxth  and  seventh  corsal  vertebne,  about  elc 

•  Caiaeila  Medica  Tialiani,  Lomlianlia,  Ko.  sS,  l870|  pk  SI7. 
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mdam  in  circumrerence ;  and  the  one  opefoted  un,  tvhicfa  wu  found  to  atuc  ffom  the 
anterior  wall  of  (he  aoica  at  the  oiigia  of  itic  supciioi  mcKntenc  I'hii  Aocunsm  wu 
ibout  twelve  nnd  a  hiir  inches  in  circumrerenoe.  In&!I  thfce  of  tbeaneurinniorgaaUed 
light-colored  clots  were  Tound  The  one  operated  oa  wu  lew  ft»lUl  IhAu  the  ot^ien 
Tfarre  wuj  indeed,  no  evUcDce  th>t  the  gal vano- puncture  but  produced  any  perma- 
ncai  clot.  It  {s  pouililr,  however,  that  it  caused  a  tvmporary  clot  that  was  wjutod 
away  by  the  current  uf  bluud.  There  U  no  queation  thai  the  tamur  liecame  aure 
talid  after  the  optratinH,  and  that  iMt  tolidificatioit  mmu  attended  with  diminutian  of 
I  if  mtfuit  and /aim, 

I.iiiyi  Ciniselli  *  has  written  a  monograph  on  aneurisms  of  the  iho- 
facte  aorta  treated  by  gaLvano-punctiire.  He  speaks  of  Iwcnty-Uuce 
cases.  Of  these  kix  rccovertrd,  sixteen  died,  and  in  one  case  tlic  result 
is  not  known.  Of  the  sU  reported  as  cured,  one  relapsed  io  llirce 
months,  another  in  seventeen  months,  anoihirr  in  four  montlis,  but  was 
again  operated  on,  and  after  eight  otonths  there  had  been  no  relapse. 
Of  the  rcluaiuJDg  three  cases  one  had  not  relapsed  up  to  nine  and  a  half 
months  another  hud  not  relapsed  at  eight  and  a  half  inoutli$,  and  the 
bst  remained  well  at  four  and  a  half  months. 

E;re  has  reported  a  case  of  aneunsiii  of  the  left  external  itiac  artery 
by/artr^d-puncture.  Symptoms  of  inflammation  appeared,  but  after 
seventeen  days  the  tumor  was  firmer,  and  evinced  less  pulsatiun.  The 
faradu'  current,  however,  has  nothing  to  commend  it  for  the  treatment 
of  aneurism. 

CUuftelli  succeufully  treated  wi  aiieurisni  of  the  iicen^liDg  aurta  In  a  pallcnl  forty* 
A  years  of  Age,  by  a  gal vano- puncture.  Three  ceedle^,  connecied  with  a  voltaic 
f^  of  thirty  pairs,  were  iiiKrtcd  In  tbe  third  iiilercoilal  space  where  the  tumor  wu 
prominent  and  the  puiiaiion  strong.  The  bpcraiion  listed  forty  minutet,  Aitcr  the 
opcratiou  llie  »]|ii)  over  the  luiuL>r  wasretl.  F^r  three  weeks  the  patient  kept  his  l;ed 
and  took  iliKitnJis.     Forly-tliree  days  after  the  operation  he  left  the  hot^piial. 

Fifly-etghl  daysaftur  the  og^ralion  only  a  slight  prominence  teuiahied,  and  no  pul- 
■3iion«  could  be  sn^n.  Seventy-right  days  after  the  operation  the  patient  reaumed 
hit  occupaiLon,  which  was  that  of  a  coacbmao. 

Varicose  Veins. — Varicose  veins  were  treated  by  galvano-puncttire 

after  the  manner  of  aneurisms  many  years  ago, 

Bertani  and  Milani  experimented  in  the  treatment  of  varirose  veins 
by  gatvauo-puncture  as  far  back  as  1S47.  Tlicse  observers  applied  a 
bandage  or  tourniquet  to  the  limb  to  diminish  the  blood  supply  before 
operating. 

*  Su^H  aneurismi  dcU'  aoria  toradca  Flnora  traltali  co)l&  eleUro-puntura.  MUiano, 
iSya  Quoted  in  Dr.  Reyes's  paper  an  I'rocUcal  Klcctro-TtieiapcuLics,  N.  V.  McdtcU 
Toumal,  Dcceniber,  1S71. 
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Bauingarten  and  Wettheinier  successfully-  treated  a  severe  case  of  var- 
icose  veins  of  ihe  upper  ettreinUy  up  to  the  acromion,  whence  the  evil 
seemed  to  spread  over  llie  trunk  l*bc  jmlient  was  a  young  gtrL  The 
litub  had  doubled  in  siic. 

"  Baamgarten  uid  Wctthcimef  introduced  in  three  altings,  st  an  interval  of  tm 
or  three  dajTS  each  lime,  cbonl  ten  needles  into  lite  ntou  extended  vcint,  pUcinfi  ■ 
conductor  connoclril  with  the  ncgntive  pole  in  the  hand  of  the  pAlteni,  at  the  mne 
tint:  coBiKClin]*  nil  the  neetllet  with  the  poutive  pote.  The  operatioo  cauicd  but 
little  pain.  AClcr  a  few  muiutn  the  Dccdlcs  were  rcinoveO,  when,  m  plaee  of  Ihe 
dilated  veins,  TuU  rcsutant  cords  were  felt,  ■  sure  tii^n  of  complete  ccA^^ulation. 
After  A  month,  the  gre&ter  portion  of  the  veins  were  obtitciated,  and  ihe  vulnme  ■>) 
the  limh  consiileralily  Tcduced  ;  only  then  tboie  reini^  hercloforc  oF  normal  ate,  be- 
gut  to  dilate  a  little,  which  dicumftance  cam  exercise  no  influence  on  our  opinion  ol 
thii  wiadut  oferaHdiy  * 

For  the  treatitient  of  varicose  veins  the  positive  pole  would  possibly 
be  better  than  the  negative  or  tlian  both  together,  and  for  the  reasooi 
above  given.  The  space  within  the  enlarged  vein  U  coinp:iraiivcljr 
small,  and  the  small  clot  made  by  the  iwsitivc  pole  ought  to  be  sulficieni 
to  obstruct  the  Qotv  of  blood.  The  positive  clot  would  have  Uie  axl- 
vantage  of  fininiess,  and  embolism  would  be  less  likely  to  follow  than  afta 
the  use  of  the  aegativc  pole. 

•  Meyer,  op.  dt,  p.  471. 
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Strutura  of  the  Urethra. — Electrolysis  for  strictures  was  first  used 
by  Crussel.  The  same  treatment  was  subsequently  employed  by  Wille- 
blind  aad  WcrtheiiiicT. 

The  method  of  Willebrand  was  to  introduce  to  the  stricture  a  metallic 
souDd,  insulated  up  to  the  tip,  and  to  connect  this  with  tlie  negative 
pole,  while  the  positive  was  heW  in  the  hand  oF  the  patient  The  ap^ 
plicAlion  was  continued  for  ten  or  twenty  minutes,  and  the  cure  was 
acconiphsheU  in  eight  or  ten  daj's. 

The  subject  was  afterwards  studied,  though  not  with  special  success, 
by  Jaksch  and  I-eroy  d'Etiolles. 

The  iirsit  important  and  successful  results  in  the  electrolytic  trea^ 
ment  of  strictures  of  the  urcllira  were  obtained  by  Mallcz  and  Tripier, 
in  1867.  • 

The-'r  method  of  treatment  was  to  introduce  an  insulated  sound  with 
a  inelillic  extrertiily  to  the  seat  of  ihc  stricture,  connecting  it  with  the 
negative  pole,  while  the  positive  was  applied  to  the  inner  side  of  the 
thiiiU  by  3  moislcncd  sponge  electrode. 

At  Ihc  commencement  of  the  operation  the  patient  feels  a  pricking 
septatLcn.  This  sensation  becoiues  less  and  less  marked.  I'he  me- 
tallic extremity  is  llten  passed  along  until  all  parts  of  the  stricture  are 
affected.  After  the  operation  a  catheter  can  be'  introduced  without 
diDiculty. 

The  operation  lasts  about  five  minutes  ;  from  one  to  tive  applications 
are  necessary.  In  the  majority  of  the  thirty-one  cases  treated  by  Mallei 
and  Triple,  as  they  claim,  one  application  was  suihcicnt. 

'Hie  diameter  of  the  uretiira  seems  to  increase  slightly  for  a  few  days 
sncceeding  the  o[)eration.  and  in  some  cases  an  eschar  was  thrown  off 
in  a  few  days  after  the  operation. 

*DelKGu6fiBondurBl>leiIet  R£lrftciaN«nentsilel'Ur^lluc,  paitatia1vana-CauUi(|iie 
Ctllmiqur,  I'arii,  1S67  'I  lie  te-rm  "  cA^miCii/ faJva/ta-^ait/ery,"  uscJ  l))r  tlirse«Tilhof% 
b  syaoaytn-i'ii  widi  tltttroiytit. 
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Experiments  made  in  Cluriijr  Hospital  by  l>r$.  Keyes  and  Beard,*  t  ti 
the  experience  of  Dr.  Rockwell  in  [irivate  practice,  do  not  entirdjr 
cuntirm  the  results  given  by  M.illi.'2  and  Tripter,  although  subsianlially 
the  same  iiieiliod  watt  used.  The  operation  was  found  to  be  painfu) 
oftentimes  3nd  the  resultb  not  always  sati^actory,  as  the  following  record, 
which  is  a  fair  sample,  will  sbo  if. 

Cask  CCXVII.— F.,  need  hriy.  gnicnl  halth  cxccIIcbL      Firrt  eanoirboft 
tw-cniy-McoiuI.  second  &I   tbin]r*eit>hih  )«Ar  of  age.     Stieam  t>et.aina  i:ndu 
Twiaced  until  January   mb,  al  whidi  timf  he  lud  com|iIctc  rrtention  for  fifte<al 
boun,  relievcti  by  bot  bal)i&     Tbe  patient  cnicrcd  the  tMi!i[)i(al,  uiiJ  wu  :rtaUif^ 
by  diUtaiioo. 

February  6th. — Esarauinlian  dececti  the  railowbtf;  itrictiirei  (oHRce  idmltk  14 
eadly) :  At  orifice,  ilricture  (linear)  arre&ling  No.  14  toU  I'Hilbous-  wmuiiL  Al  .wiJ 
uid  »  haJf  inchn,  tlriiriure  (linear)  uresiing  No.  is.  At  five  inches,  Mriciure.  onc-tJiM 
inch  loDg,  wTcating  No.  9.  Current  (ran)  ten  cells  «ra«  jajMii  ihruugh  Kcaod  r^iic 
ture  for  fire  niintile&.  A  good  deal  nf  pain  complained  oC  Currciit  Itom  ten  ecUi 
was  paued  through  lower  tincture  fur  leit  ciiiDulct. 

No.  11  bulbous  sound  passed  easily  into  ihe  blaiUler  after  Itie  opefatloa. 

March  ^th.^No  idou^b  ha*  been  poMcd.      No.    9    »tc«l  aoaod  u  graqied   by 
ttr!clu.e. 

Man:b  15th. — (Uane  >»>  owd  instnunenl  with  klcel  bulh  1$^         .) 

Stricture  at  tbe  orifice  ;  rifleen  celk;  fire  minutes ;  bulb  patwd.    Simctorc  al  tvo 
and  a  hajf  inches:  sixleen  ccUi ;  ten  loinutcs  ;  bulb  pancd.     Siriclure  at  fir«  iDcbni 
■utteen  cells;  iliiriccn  miimies;  bulb  parsed.     A  liitle  blood  wu  lost  u  ihbop 
tiaa,  and  a  gimd  deal  of  pain  was  IcIt  arteiwaids.     No  fclaufb  was   pasacd.    Ttel 
orifice  swelled  and  became  hnrd  and  inflamed.     Patient  refosed   10  follow  op  tbe 
trealmeut  or  to  be  examined  further. 


Dr.    Robert  Newman   reports  far  more  satisfactory  results  in  tbe' 
treatment  of  strictures  of  the  tirethra.f 

The  leading  and  distinctive  fealiires  ofhis  method  are  Ihcsc :  i .  The  use 
of  very  jvtj'/i/ galvanic  currents,  jtist  perceptible  to  the  patient,  and  from 
three  to  five  niinurcs  in  duration.  Like  other  observers  he  uses  the 
negative  pole.  The  instrutiicnt  should  be  held  loosely  a^inst  the  ob- 
struction, and  no  pressure  should  be  n&ed,  and  no  force  whatever,  t. 
Long  intervals,  from  two  to  four  weeks  between  the  applications. 

Dr.  Newman  insists  on  a  careful  preliminary  diagnosis  of  tlie  natnie 
and  exact  scat  of  the  stricture.  He  operaics  with  bougies  pravidej 
with  metal  bulbs  of  various  sizfts.  Unless  the  stricture  is  tcx> 
or  fibrous  he  uses  .1  bongic  whic  1  is  three  or  fonr  limes  laigcr  than  the 
Stricture.     After  he  has  ascertained  by  measurement  the  exact  locality 

*  From  article  of  Dr.  Keyn  in  the  N.  V.  Medical  Joomal,  December,  1871. 
f  Aro'ilvei  of  Eleclruloi;y  and  N«urolu^,  May,  iSj).  p.  iSi, 


CASKS  OF  STRICTURE  OF  URETHRA. 


of  the  stricture,  he  pushes  a  small  india-rubber  ring  over  the  bougie,  ai 
such  a  distance  from  the  end  that  when  the  ring  reaches  the  meatus 
he  will  know  that  the  bulb  is  in  contact  with  the  stricture,  and  then 
he  is  assured  tliat  the  eleciriciiy  acts  only  on  the  stricture. 

Dr.  Newman  regards  a  patient  as  cured  when  a  No.  iz  Engliih 
sound  can  be  passed  without  trouble.  He  claims  to  have  treated  io 
this  way  over  thirty  patients,  and  that  his  results  have  been  uniformly 
good,  and  for  the  reason  in  part  that  he  has  selected  his  cases.  He 
does  not  claim  that  all  strictures  can  be  treated  successfully  in  this 
way,  but  states  that  some  of  his  cases  were  bad  and  complicated.* 

7W  ttriettrtt — CkancraiJ — Failurt  a/  dilatatian — Suceeu  with  eUrtrofytit, 

R.  A.,  hoteUkerper,  came  under  treatment  in  .March.  Had  been  treated! 
in  the  counliy  (or  Uricture  hy  dilataLlon.  with  no  tucceu.  Found  x  chaiiorotd 
in  Ok  urethra,  which  was  Ircaletl  first.  The  t-wo  mictiireswcrc  found  dlualed  at 
ODe  and  a  quarter  and  (bur  and  a  EuUf  inchd  fiom  meatus  mpecuvcly. 

fifarek  33.  ElectroljrsU  wu  iiied  wEch  a  bougie  No.  lo,  with  a  metal  bulb  as  oe> 
gative ;  pasicive  electrode  in  the  palm  of  tlie  hand.  Ten  cdli  of  the  galvanic  holtery 
WCie  UK')  For  nine  mimilc«,  and  the  bougie  paued  ilowly  through  the  ktrtctuici  into 
the  bladder. 

Af^!  14.  The  opcra.'ion  wat  repeated  with  a  bougie  No.  12.  The  fxiticnt  bu 
been  heard  from  recently,  and.  has  not  had  a  relapse. 

Ont  ttriftft,  tffrmatwrhcta,  impottntt,  mtiiuuhoti*, 

MartJk,  tS7a.— R.  S..  a  merchant  of  Philadelphia,  came  10  my  office  In  u 
advanced  tlage  of  faypochondrioKis,  cainptaini&g  of  general  mahUse,  kpermntorrhoea, 
uopotcnce,  small  stream  of  walcr.  pain  in  the  urethra,  etc.  A  Meel  loood 
No.  13  eutaed  tl>e  urciltta  eaaly,  but  was  arrested  at  Mven  inches.    Sounds  of 

•  Dr.  Newman  gives  the  following  bihllngraphy  of  tlie  su'ijecl  i 

Mallez  el  Tripler,  "  Traitcmcnt  del  R*tr6cls«menti  Ur6traux  par  la  Galvano 
Caustl'pe  Cliimiqiic  Nt^at'^*.  Compte  Rendu  de  I' Acad,  dn  Sricocc3^      BuUctia 
ThCrapeutErfue,  Mai  3a     Med.  58, 

M&Uei  et  Tripier.  *'  De  U  Gujnson  durable  des  R£tr£ciis8ments  de  TUrflhre  par 
la  GiIrano-CnuNlK|ueC!i)mique." 

Althaiif,  in  Goetchen't  "Deutsche  KUnlk,"  No.  34-36,  "Heilinsder  Itamrith- 
ten- Strict uren  durch  die  Electrolyse." 

Kcye*.  "  Electrolytic  Treatmeni  of  Strictnre  of  the  Urethra."  New  York  Siledlcal 
Jonmal,  D<cem''cr,  1871. 

Baulisto  Campos:  "  De  la  Gatvano'Camtl'iiie  ChlmJque  comme  noyen  dn 
Trailement  des  Kftr^cloemenC  de  I'Urilhre."     Pari*,  1871. 

Duuicux,  "  De  la  Galvano-Cftiutique  CHimique  dans  te  Traitemenl  des  R£lr£diK 
nuentsOr^nniede  lUr^thte."     Pnst.  Hed.  Beige,  No.  25,  1872. 

Mtlleset  Tripj;r,  London  Lancet,  October,  1871. 

"Multiple  Slridurcs  of  the  Urethra  treated  by  Electrolyfls,"  by  T.  f.  Fiaa^ 
id.D.,  Medical  Record.  February  3d,  1S74.  [nee  61. 
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Mullcr  die  were  all  &n«si«f1  likewlK  at  tht  Hioe  place.  Tlure  b  no  SevlU  HuX  i 
siricture  cxbtK,  and  at  last  aKntnil  No.  7  pkssetl  ii  wiih  di.'Sculty.  The  UoaUei 
cxi«  either  at  ihe  jimclion  of  iht  memlirannu*  and  pn»(ftn«  poilton,  or  in  the  I 
Icr  only.  GalvatiLan  wu  ni«U  with  ten  cells.  Uvu|pe  No.  10.  with  the  mniai  mc 
lie  cTii^  M  negative  into  tlie  urethra,  met  the  tame  obMrwctioo  u  »even  Inches  Tl»t 
positive  pole  wu  a  nickel  bulb,  ami  grasped  finil/  with  the  c)o*ed  huiil.  After  fin 
nuniiie!!  nf  electrolytic  current,  the  bungte  p&taeil  the  stricture  slawly  mnA  titppe>l  fatti 
the  Naiklnr.  Tbc  nilhtlrawal  of  the  bou^jtc  wu  foltotrcd  by  m  thick.  S'^'X  ^ 
charge.  It  *eecns  that  thU  matter  ha>l  accumulale<l  behind  the  urictore,  initated  the 
proittalic  portion  and  (he  duct*,  and  thereby  wm  acccaoory  to  crcatini;  a  tpcnaauc- 
rHfF*.  On  patsinc  water,  «hre<l»  came  alnng  of  a  thick  while  mass  ""hicb  wet*  the 
product  of  cleclTolyM*.  The  o{<ct3tii;in  has  not  cnuseJ  my  pain,  and  the  patkal 
travelled  home  without  unpleamnt  feeling. 

Afril  lO.  Un  examination  with  z  lound  No.  10,  found  the  stricture  at  the  cad 
place;  '.h;  soanil  passed  the  uricliire  afier  pen>iitciil  aiut  patient  eSbrts. 

Then  the  goliranisin  was  tued  as  before,  with  a  Iwugie  No.  13  u  negative,  anil  wilt 
the  same  result 

May  9.  In  Philadelphia,  a  sound  No.  13  coald  be  eudlj'  passed  into  (be  bladder 
which  proves  thai  the  sTrirture  h  cured.  The  patient  ha»  been  kept  trnder  wbwm 
tlon  lor  two  years,  and  has  been  teen  only  two  weeks  liacc  U«  b  peifectljt  well: 
has  married  smce,  and  Ik  the  father  of  a  tieaJthy  diild. 

CucCCXVlll.— J.  A.,  aged  forty.  Twoaltaclu  of  gonofrhcea  in  iSs6  nxl  tS69 
Orific?  admits  iS.  UouMe  linear  stricture  in  first  half-inch,  admitting  13  lulboM 
ioiir.4.  Fiom  one  and  a  quarter  to  six  inches  from  the  meatus  the  whole  nmlvx  it 
stiff  and  rigid. 

I:gra.sp»No.  13  steel  sound  Ihronghout.  At  six  tnclies  a  short  slricitire  csifl^ 
throticli  wltich  No.  1 1  piu.<ics  into  the  blaiMer. 

Ftii.  21,  1S71.  Steel  bulb  15^1  six  to  sixteen  cells,  gradually  Increastng.  Fim 
stricture  paiised  in  one  and  a  quoiter  minutes. 

In  half  a  minute  more,  ]i>wvst  slrictore  was  reachecL  In  half  a  mbiute  lowest  Mri» 
tsre  was  pa.ued.     Some  blood  follo'wed. 

Atitr<h  4.  Sicel  Mjun<l  No,  15  passed  into  bladder.  No.  l$  was  paspei  wd 
would  not  go.     faiicni  kft  the  hospital. 

Cask  CCXIX. — S.  F.  P.,  agedsUty.    Cononhcea  at  eighteen,  another  at  twaij. 

la  1S36  he  entered  a  hiKpitnl  lo  be  treated  for  stricture,  anil  wasgroilnally  ilttaied  M 
IS.  In  tS6o  forubic  dilatation  was  practised  unJcr  chlorofonn.  Il«  nei;lertcd  t« 
pan  instruments  for  himself,  and  had  lotte  treated  agabi  in  1864,  thi«  inne  by  £¥» 
duiJ  dilatation.  Rince  then,  he  paucs  No.  3  nuft  bougie  "every  time  be  nuLa 
ws.tcr,"  but  he  does  not  pas  it  into  the  bladder.  On  examination,  I  Tiud  sirictan 
commeiidn);  at  two  inches  from  meatus,  and  continiung  iodefinitely  u  tat  as  cotiU  be 
asccrtaincLl.  Only  a  No.  3  bou);ie  could  be  passed  bto  the  bladder.  Urethra  fatk 
(oitslde)  like  a  fibrous  cord, 

MarrA  i&  Sleel  butb  6;  sixlceD  oc11b|  twentjT  nlniiteaf  no  pt ogress t  battoy 
leemed  very  weak. 

SpaimedU  StrUture.—TKxi  condition  may  be  relieved  by  thcfaruiic 
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■nt,  which  by  its  mechanical  action  probably  has  the  cHect  to  relay 
the  poits. 

Dr.  Otftdaejr*  rq>otti  a  CMe  of  retention  of  ttrine,  of  two  dajpt*  Uanding,  lo  184^ 
caused  by  hard  work  and  otposire  lo  cold,  ihat  he  treated  uicceufalljr  by  raraduAiion. 
The  tirkturc  wu  about  Iwo-thirds  of  the  dtuance  from  the  penis  to  the  bladder.  Xo 
kind  of  catheter  could  paaa.  The  posiiive  {ule  of  a  faradic  apinai-alus  was  applied 
against  the  itrictore  for  twenty  minutes  by  meani  of  a  knitting-needle  in  a  gom  eba- 
lic  catheter.     The  relenlion  was  compielely  reliercd. 

Dr.  Chadicy  states  thai  he  has  met  with  partial  Mcoeas  ia  other  do^Ur  cases. 

In  this  case  the  rcsiiU  was  probably  due,  in  the  main,  to  tlic  mcchan- 
ical  effects  of  the  current,  and  not  to  any  electro]}tic  action. 

Sirieture  0/  the  (Esophagus. — ^This  terrible  condition  might  very  ap- 
propriately be  treated  by  electrolysis.  Althaus  suggests  that  the  oeso- 
phageal electrode  should  be  applied  to  the  seftt  of  the  stricture  and  con. 
nected  with  a  negative  pole,  while  the  positive  is  applied  to  the  neck  01 
back.  From  fifteen  to  thirty  cells  would  probably  be  required.  Dr. 
Frank  informs  ns  that  he  treated  successfully  a  case  of  spasntodic  stric- 
tiire  of  the  cesophagus,  by  the  galvanic  current,  applied  by  means  of 
An  tesophageal  electrode. 

*  New  York  Mescal  Journal,  February,  1869,  p^  574,  j^j. 


CHAPTER  VII. 


vu  BRs,  nsTuue,  and  sinuses. 


C7U<rf — Bed-sores, — The  earliest  attempts  to  ticjil  ulcers  by  eke 
tricity  were  made  by  Cnis&el,  in  1847. 

The  same  treatment  has  been  used  in  syphilitic  jlcers  by  Kyber,  of 
Cronatadt,  Rosenbcrgcr,  of  St.  Petersburg,  and  in  the  nujority  or  tbeir 
reported  cases  with  success. 

Ulcers  may  be  treated  with  both  currents  by  means  of  metallic  diiks 
or  ptates  covered  with  soft  sponge.  Galvaniiation  serves  to  cure  in 
tuch  cases  partly  by  its  eUctrolyiie  effects.  One  electrode  may  be  tp- 
plied  to  tlic  ulcer,  and  the  other  lo  the  nearest  large  nerve-brattek  tr 
plixus,  or  to  the  sympathetic  or  spinal  cerd.  The  applications  stMMiU 
not  be  excessively  palnrul.  \\\  some  cases  decided  results  may  folloir 
a  single  application  of  electricity  to  an  ulcerated  surface.  In  a  case  or 
an  ulcer  in  the  leg  of  a  girl  eight  years  of  age,  one  faradiraiion  with  a 
(.uxrent  of  moderate  strength  so  improved  the  nutrition  of  the  parts  thai 
healing  at  once  commenced,  and  in  a  short  time  entire  recovery  look 
place  without  any  further  treatmenL  Ulcers  may  also  be  cautcfued  by 
the  galvano<:autery. 

In  the  treatment  of  ulcers,  and  indeed  of  many  conditions,  it  is  a  con- 
venience to  have  one  electrode  kept  in  a  lixed  position  without  the  aid 
of  the  physician  or  of  an  assistant  For  this  purpose  the  adjustable 
electrodes,  provided  with  a  rubber  belt  which  can  be  passed  around  the 
limbs  or  body,  are  convenient. 

Ulcers  may  also  be  treated  by  prolonged  applications  with  the  so* 
called  "body  baticrics."  A  disk  of  zinc  connected  by  a  mrcwiiba 
disk  of  silver.  Either  the  zinc  or  the  silver  disk  may  be  applied  over 
Uie  ulcer,  and  the  circuit  completed  by  one  disk  on  an  indiSerent  p<Rn^ 
or  in  case  there  are  two  ulcers,  one  may  be  covered  with  the  silver  disk, 
end  the  other  with  the  zinc  difk.  These  disks  may  be  kept  in  poet 
don  and  worn  all  the  time,  or  only  at  night. 

Garrett's  electric  disk  may  also  be  used  for  the  same  purpofe. 

l*hc  rciiults  of  these  prolonged  applications  are  most  excelleat,  cfr 
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pccially  in  bed-sores.    Wc  have  known  ihem  to  fail,  however,  in  very 
bad  cases,  and  nutably  when  great  debiliiy  existed. 

Jn^oUnt  mUer  tf  tkt  arm  ;   rertmery  tinder  Ixat gatvaniuttiem. 

Cask  CCXX.— Mary  K„  aged  forty,  while  moving,  May  im,  (dl  and  in- 
turetl  Uie  arm  initnedUtdy  above  llic  external  condyle.  The  pain  wu  exceuive  and 
conttnueJ  to  diareu  her  for  several  weeks,  when  a  Email  ulcer  made  its  appearance  and 
enlarged  until  it  was  (wo  inches  in  dlimeier. 

The  fjaiient  «|)]>lted  Tor  iieatn^cnl,  July  tS.  The  ulcer  was  covered  with  a  dark- 
olored  (cih  three-fourth*  of  on  inch,  partlj  UTled  from  Its  resting-place  by  exul>erani 
an<l  unhealthy  granulationi. 

The  scab  was  remove^!,  and  a  vret  clolh  in  connection  with  the  positive  pole  wu 
applied  lo  the  discard  part,  while  Lha  negntire  was  placed  on  an  indilTerenI  but  b|v 
proximate  pari.  The  galvanic  current  was  uKd.  She  aaJTercd  no  more  pain  after  the 
second  liaitft,  and  as  the  applications  were  repeated  the  ulcer  rapidly  healed,  until 
August  30^  when  the  part  was  coveted  by  sound,  bcalthy  skin. 

SypkiHtit  ulcer  ;  rtewtry /oUvatt  tkrtt  vptratiatu  by  elttlr^rit. 
Case  CCXXl  — Catherine  McK.,  aged  forty,  saflered  three  yean  since  from  a 
number  of  syphilitic  tubercles  and  ulcere  about  her  hips,  tluylis,  and  vulv-a.  Tiiey  per- 
sisted along  lime  and  gave  her  much  annoyance,  but  finally  healed,  with  the  exception 
of  one  on  the  insJde  of  the  thigh.  It  wax  elevated  nearly  one-half  an  inch  abuve  the 
Mirroon'ling  surface,  was  excessively  painful,  and  dfKharged  an  offensive  secretion,  A 
needle  couuetled  with  the  positive  pule  was  poucd  tUrou)'h  the  baic  of  the  elevation, 
aad  «  current  of  moiierate  tension  allowed  to  pass  for  a  few  moments.  Thi*  applies* 
tion  dbspaled  all  pain,  and  aftci  tlie  tliini  tiaMCf,  given  several  weeks  after  tlie  firtt, 
coon  healed,  and  the  patient  wu  diacliorged  from  the  Dlspcnury. 

AiUtt  Fittula  of  hng  ttaading  treated  by  gakjanitatien  witA  tatA  foiet—Riittf 

ef  fain. 

Case  CCXXIf. — A  case  of  fi'tlub^  at  and  near  the  anus  In  a  slioemaker,  was 
brought  to  OS  by  Dr.RuscU,  of  BrooUyn.  The  patient  had  afiMula  with  four  open- 
ings— one  in  the  mmp  snd  the  others  at  the  Iwrdcr  of  the  anna.  The  origin  of  the 
difficulty  was  local  injury.  The  patient  bad  once  been  operated  on  with  the  knife 
without  permanent  rdicf  Examination  had  made  it  pretty  clear  that  necioted  bone 
was  the  cau>e  uf  the  liatula,  and  kept  up  the  coiiManl  discharge. 

We  first  electrolyied  away  with  the  long  culti:ng  needles  the  painful  protuberanco 
at  the  orilice,  near  the  anus.  The  removal  of  i\\c<e  caoi««1  great  relief,  and  enabled 
the  patient  to  sit  down  aad  to  rbume  his  occupation.  We  then  placed  long,  polished 
ttecl  conductors  into  the  opening  in  the  rump,  connecting  ihcm  with  (he  negative 
or  positive  pole,  using  the  positive  when  the  hemorrhage  wa«  greatest.  The  con- 
ducton  were  introduced  up  lo  the  Ixine.  Strong  eurrenls  were  burne,  and  great  re- 
lief obtained  of  the  pain  and  uncanlaeu,  but  no  permanent  cure. 

Gaivaiff-Oz^nizafion. — This  is  a  term  eint>loyed  by  Dr.  A.  Murray, 
ol  New  York,  to  desigi^ate  the  combined  action  of  ozorve  and  the  gal- 
vanic current  in  the  trealnient  of  ulcers.     He  claims  ihat  his  experi- 
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ments  show  that  ozone  is  generated  at  the  positive  pole  when  the  gal- 
vanic current  is  applied  to  an  ulcer,  and  that  the  ozone  thus  generated 
has  a  curative  effect  on  the  ulcer,  and  aids  the  other  action  of  the  current 
For  this  reason  he  regards  the  positive  pole  superior  to  the  nega- 
tive in  the  galvanic  treatment  of  ulceis,  fistuls^  and  so  forth. 


CHAPTER  VIIL 


MISCBIXANGOUS  SURCICAt.   DISUSES. 


Stninps  after  amputation  that  are  slow  to  heal  have  been  succcssfullj* 
treated  by  electricity,  like  ordinary  ulcers,  by  Dr.  Ceo.  K.  Siiiiih  and 
by  Dr.  Smvely,  of  Brooklyn. 

IfamaioceU. — Hematocele  of  the  pelvis  or  pudenda,  or  of  other  por- 
tions of  ttic  body,  may  be  treated  clcctrolytically,  like  cfcctile  tumors, 
aud  by  ordinary  faradization. 

Gangrene. — Gangrene  niay  be  treated  electrically  in  various  wayS) 
but  es|>ecially  by  electrolysis  and  gatvano-cautery. 

Carbuncles  and  Furuncles. — Dr.  Rockwell  demonstrated  long  ago 
that  raradization  was  capable  of  hastening  suppuration,  and  wc  have 
(ret)uently  utilized  tins  fact  in  the  treatment,  not  only  of  caibuncles 
aod  furuncles,  but  of  various  otJicr  forms  of  abscesses.  Dr.  Sass  in- 
fonns  us  tliat  a  number  of  years  since  he  used  this  treatment  iii  two 
instances  with  good  etfect. 

Burns. — Hums  in  a  subacute  stage  might  not  unlikely  be  hel|wd 
toward  recovery  by  faradization  or  galvanization. 

Frostbite  (Chilblains). — In  the  first  edition  of  this  work  we  staled 
that  ive  were  not  aware  that  any  attempts  have  been  made  to  treat  diil- 
blains  by  electricity,  but  that  it  certainly  would  not  be  irrational  to  try 
the  power  of  galvanization  in  this  disease.  Successful  results  Itavcbcen 
recently  reported  by  various  observers.  Chilblains  are  to  be  treated  hke 
ulcers. 

Synovitis. — In  effusions  of  an  acute  and  very  sensitive  character, 
electricity  is  usually  not  indicated,  but  in  the  subacute  and  duonic 
forms  it  is  of  great  eBicacy.  The  treatment  should  be  directc<l  by  the 
cause  and  stage  of  the  disease,  and  by  the  results  of  trial  in,  each  case. 

The  treatment  of  those  cases  ihiit  depend  on  rheumatism,  or  hysteria, 
should  be  constitutional  as  well  as  local.  In  some  cases  general 
fAraiiization,  with  special  attention  to  the  atfecled  joint,  1^  sufficient ;  in 
others  the  general  treatment  is  sensibly  aided  by  galvanization  or  fara- 
dixaiioii  of  the  joint. 
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Whether  the  galvanic  or  faradic  current  i&  to  be  prefencd  fur  lodl 
applications  can  unly  be  dclcnnincd  by  tlic  results  of  trial.  Out  cu^ 
torn  is  to  begin  with  the  faradic  current,  and  to  use  it  so  long  as  benefit 
results,  and  ihen  to  change  to  the  galvanic  It  should  be  borne  b 
mind  that  the  greater  chemical  effects  of  the  galvanic  current  are  io 
these  cases  frequently  more  than  counterbalanced  by  the  powerfal 
mechanical  action  of  the  faradic.  Stable  increasing  currents  arc  to  be 
preferred. 

This  is  one  of  the  conditions  in  which  localized  galvano  faradizatioD 
(see  p.  266}  may  be  tried.  The  electrical  treatment  of  effusions  of 
the  joints  is  much  aided  by  using  the  hands  as  an  electrode,  wth  geo 
tie  but  firm  manipulation.  There  is  no  question  that  under  the  infla 
ence  of  "rubbing  "  have  been  wrought  many  ImjKJitant  cures  in  these 
affections. 

Klectrolysis  has  been  successfully  employed  in  effusions.  It  may  be 
resorted  to  in  all  obstinate  cases. 


S^noviiu  e/tJU  Jt'ur,  etmpliiattd  vtiik  ktmifUgia — RttmHry  unJir /araJitatimt, 

Case  CCXXIII.— Mr.  George  L..  agttl  Js,  nUtoJ  tUat  about  the  1st  of  July,  be 
wa»  Minitniclc ;  an<l  hclwceit  tlx  20lh  of  the  same  monili  aD<l  th«  ijth  uf  Au^^iut.  lie 
sufTercU  from  ikroe  stiokcs  of  hemiplegia,  icnilcing  finally  in  total  blimlncB.  IIh 
*>i;ht  graihinlly  Teluitic'l,  but  by  itej^rccs  hit  khouldcn  bccnme  lame  and  ^iff,  m  that 
bccoul'l  Mt'h  (lirficulty  use  tliein.  This  &tale  of  things  continunl  until  aI>out  the  nbd- 
dicof  Scpteml)er,  when  both  knee*  aiKla.nklo  commenced  toeiilnrse.  lu  Nuvcmbo, 
vhcn  tlie  patient  applied  to  us  for  trcaimcnt,  wc  found  him  taffcrinc  from  Mvercnb- 
acute  tynoviiis  lloth  IcneCE  were  enoraiomly  svrollcn,  ihc  fluid  having  acctiinaUlnl 
to  sudi  an  exicot  that  the  jiatcUx  piojcctcd  fitrward  ntoie  than  an  inch.  Fout  applica- 
tions of  the  fitradic  current  were  tiivcii,  '^oc  every  day,  but  with  no  (narked  cflecC,  Cfr 
cc|)t  that  the  Umcncu  of  the  shoulders  onil  ankles  was  much  relieved. 

lie  then  left  the  city  an<l  was  abscol  one  week.  On  ht»  return  the  improrgmmt 
was  found  to  be  very  grcaL  The  accurautAtion  of  fluid  in  the  knees  had  alinou  catirElr 
diuppcared,  and  the  (welling  '"'**  reduced  in  proportion.  At  fint,  llic  str<>n£c»t  cur- 
rent  from  Kuddei's  apparatus  made  no  Impression,  when  ajiptied  uohh  the  spine  The 
1^:1  were  but  little  leaftitive  to  the  electric  firean<,  and  the  feet  and  (oes,  which  at* 
l^neially  very  readily  alTcctcd,  were  remarkably  torpuL,  The  applications  were  cna- 
linned  on  Dec.  3d,  4lh,  5ih,  7th,  and  9th,  elTcctaally  removing  thi;  want  of  *cnsaiioii» 
and  completely  diK&lpaling  the  remaining  sweHiog  and  tcndemea  of  the  kueo. 

HyiireceU. — Klectro-puncturc  was  first  tried  for  hydrocele  by  Schuster 
in  1839. 

The  method  is  to  introduce  the  needle  into  the  tumor  at  opposite 
sides,  and  so  deep  tliat  the  points  nearly  appro.tch  each  other.  The 
needles  are  then  ailachud  to  from  three  Io  six  elements  of  a  galvanic 
battery.   The  application  sliould  be  made  for  five  or  ten  minuter    One. 
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two,  or  three  applications  usually  suffice  to  complete  a  cure.  The 
same  treatment  has  been  successfully  employed  by  many  others. 

Successful  results  from  the  faradic  current  have  been  leponed  by 
Burdel,  Deletanche,  I^hmann,  and  Tbevisscn.  1'hc  galvanic  is  un* 
doubtedly  the  current  to  be  employed  in  such  cases. 

Hydrocele,  in  short,  should  be  treated  electrically  like  cystic  tu- 
mors. The  great  end  to  be  accomplislied  is  net  the  withdrawing  of 
Ihe  fluid,  which  can  be  done  with  the  ordinary  trocar,  but  the  stimula- 
tion of  the  membrane  of  the  sac,  so  that  absorptiun  shall  take  place 
and  the  fluid  not  again  collect.  Many  of  the  failures  that  have  oc- 
curred in  the  trcalmenl  of  liydrocele  have  been  due  to  a  misapprehen- 
sion of  this  fact.  Dr.  Frank  has  combine  J  the  use  of  galvano  cautery 
with  electrolysis  in  the  treatment  of  hydrocele.  In  some  t:ases  there 
will  be  a  return  of  the  disease  even  after  electrolysis. 

SpraiHi  (itreiins). — Sprains  of  joints  of  all  kinds  maybe  treated  by 
electricity;  faradization  and  galvanization  of  the  aJIected  part  with  a 
mild,  stable,  or  gently  labile  current  are  indicated.  Wc  have  in  this 
way  treated  all  stages  of  sprains — acute,  subacute,  and  chronic — and 
almost  unifonnly,  thus  far,  with  beneHcia)  or  curative  results.  We 
have  not  been  able  to  (lcci<le  which  current  is  preferable. 

Sprains  in  the  acute  stage,  or  just  passing  into  the  subacute  stage, 
should  be  treated  by  very  mild  currents  and  by  short  applications. 

In  such  cases  no  electrode  is  so  agreeable  as  the  hand  of  the  ope" 
tator  gently  passed  over  the  painful  part. 

We  have  treated  a  number  nf  cases  of  sprains  of  the  wrist  in  patients 
who  are  engaged  in  munual  em[>loymenis.  In  such  conditions  the 
localized  application  of  the  faradtc  current  alone  rapidly  brings  on 
the  recovery. 

Strains  of  muse'n  » th  rupture  ef  fibra^  $0  far  as  our  limited  ob- 
servation goes,  do  not  yield  to  electrical  treatment.  In  the  fewcases 
where  we  have  perseveringly  used  faradization  and  galvanization  we 
have  not  been  able  to  sec  that  the  slow  impruvciuenl  was  in  any 
degree  hasten::d. 

Lamenits  ami iVKlIini  tauttdtya  tftain—RttUvtd  hy  t^al fargditathit. 

Cask  CCXXIV.— The  power  of  ihie  Oradte  cnrrent  lo  allfty  Irritalion  And  leltcve 
lameDCss,  incases  of  spiaiiis  or  injuries,  wu;  vrell  illu^irnteil  in  ilie  case  of  a  Mrs.  B., 
directed  lo  ua  l»y  Dr.  Kiswni.  Het  foot  was  heavily  prctxd  upon  hy  ihc  rocker  of  a 
diatft  and  cau'>ctl  sui-li  ecchymosift,  pain,  jewelling.  ati<l  Inmrnr^s  that  Tot  rwomontlii 
she  wa«  unable  lo  walk  more  than  from  Iicr  hou*«  lo  her  carriage.  The  farailic  cur- 
rent, applied  over  and  aruuud  Ctie  foot  a  aumtwr  of  limes,  relieved  most  decidedly  the 


i 


762 


MISCELLANEOUS  SURGICAL  DISEASES. 


■wtUing  and  Iinien«ss,  aod  enabled  IIm  i»tienl,  in  •  few  mela,  to  exncbe  b  wili^^ 
vilhout  serious  difficulty. 

Spondylitis  {Poifs  Z>w<ix^). ^Spondylitis  is  a  tcnp  that  is  applied 
to  inflammation  of  the  vertebrae.  Among  it£  symptoms  arc  at  6nl 
changes  ill  shajicofthc  spinal  column,  obsltiiate  gastralgio.  or  neuralgic 
pains  io  the  brea&t  and  varioiu  parts  of  the  body,  and  subsequently  pro- 
jection of  the  diseased  vertebra^  deformity  of  the  spine,  |)cculiar  attitude 
and  paralysis,*  sensitiveness  of  certain  vertebne,  and  spontaneous 
|>ains  in  the:  spincf 

The  furm  in  which  it  appears  is  in  the  cervical  and  upper  dorsal  verte- 
bra, with  the  symptojus  of  neuralgia  in  the  arm,  or  neck,  or  tower 
limbs.  Some  cases  of  torticollis,  and  even  of  chorea,  may  depend  on 
disease  of  the  vertebra.  Other  sym|>toms  arc  paralysis.  atro)>hy,  oc 
contraction  of  certain  muscles.  In  many  cases  of  inllamniation  of  the 
vertebra  the  nature  of  tlie  disease  ts  not  suspected,  because  the  cliangci 
in  the  form  of  the  si>inal  column  and  the  ittimobility  of  the  vertebra  on)y 
^pear  after  ihc  morbid  process  had  made  considerable  advance. 

In  making  the  diagnosis  it  should  be  conudercd  that  the  appearances 
of  the  spine,  which  are  usually  regarded  as  evidences  of  spondylitii^ 
may  arise  ftum  paralyxis,  or  atrophy  of  the  muscles,  with  contra^tioni 
of  the  antagonists. 

The  treatment  consists  in  galvanisation  of  the  affected  vertebrae, 
the  (wsitive  pok  being  placed  over  the  seat  of  the  di'.ease,  and  the 
negative  a',  ccmc  point  above  or  below.  The  results  are  someKnics 
beneficial 

SpiAoi  Curvature. — Lateral  curvature  of  the  spine,  depending  on  le* 
taxation  of  the  muscles  and  ligaments,  and  associated  with  general  de- 
bility, is  a  condition  for  which  general  and  localized  faradization  andi 
galvatiizatiot)  of  the  sympathetic  are  well  indicated,  and  in  which  thejr 
have  wrought  most  important  results.  General  faradization  alone  b 
pretty  sure  to  be  of  service,  both  in  raising  tl^e  tone  of  the  system  and 
in  permanently  relieving  the  curvature.  I'he  electrical  treatment  may 
be  used  in  connection  with  mechanical  appliances. 

Pseuiio-arifirosis  ( Ununited  Fracture). — Bunnan  obtained  a  good  re-  ] 
suit  from  electrical  treatment  of  a  transverse  portion  of  ihe  tibia  and 
fibula.     After   tlie  lajise  of  a  month   the   bones  had  not   united.     A 
bandage  waii  a]>plicd  and  a  current  (whether  farodic  or  galvanic  is  not 

'SecpKpcioD  DiJ^ertntial Diagnatit a/ DitfitM 9f  tkt Spime,\if  du^  P.Tajlo^; 
KD. 

f  Bcnedikt,  op.  dt.,  31a. 
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Etated)  was  applied  for  half  an  hour  by  two  needles.  Suppuration  fol> 
lowed,  call  IS  M*as  fonned,  and  entire  recovery  took  place. 

Hall  also  obtained  a  successful  result  in  a  fracture  of  tlie  tliigh 
by  the  same  treatment.  The  operation  was  repeated  daily  for  tro 
weeks. 

Hahn  also  reports  a  successful  result  from  electio-puncture  in  a  caiie 
of  fracture  of  the  thigh.  Ue  used  at  first  magneto -elect-ic icy,  and  sub- 
sequently the  galvanic  current  No  improvement  followed  the  use  ol 
niagneto-clectricity,  while  the  galvanic  current  brought  on  infiainmation 
in  six  days.  Thu  intlajumatiun  thus  excited  produced  a  union  of  the 
fracture  in  ten  days. 

Wc  treated  a  case  of  ununited  fracture  of  femur  at  the  Long  Island 
College  Hospital.  Insulated  needles  were  used,  and  very  birong  cur- 
rents, lai^atutnation  was  excited,  and  some  improvement  was  mani- 
fest, but  the  bones  were  so  far  apart  tliat  it  was  found  necessary  for  the 
surgeons  to  operate  in  the  usual  manner. 

Hernia. — Delaux  reports  a  case  of  incarcerated  femoral  hernia  in  a 
woman  who  refused  to  submit  to  an  opeiation.  Tumor  disappeared 
after  a  few  applicaiinns.  The  first  application  was  directed  to  the  her* 
nia,  and  in  the  other  applications  one  pole  was  applied  to  the  hernia 
and  the  other  in  the  rectum.  Before  electrical  treatment  was  tried  the 
patient  was  growing  worse.  Faradization  might  give  tone  to  the  weak* 
ened  nuiscles  in  reducible  hernia,  and  for  this  purjiose  wc  have  em- 
ployed it  in  a  single  instance ;  of  the  results  we  have  not  been  in- 
formed. 

Morbus  Coxarius  {Disease  0/  fh4  Jfip-Joint). — ^This  condition  may 
be  treated  electrically,  in  connection  witJj  ordinary  mechanical  treat- 
ment, with  a  twofold  object  of  hastening  the  recovery  of  the  lesion 
and  improving  the  general  condition.  The  methods  of  treatment  that 
would  seem  to  offer  must  hope  are  stable  faradization  or  galvanization 
of  the  diseased  joints,  five,  ten,  or  fifteen  minutes  daily,  alternating 
nith  general  faradi/aiion.  This  treatment  might  be  used  in  connection 
with  the  ordinary  method  by  extension. 

Club  Foci  {Taiipes). — In  clubfoot  it  is  not  unfrcqucntly  a  great 
advantage  to  comLiinc;  faradization  or  galvanization  of  the  paitially 
paralyzed  muscles  with  the  use  of  mechanical  appliances  (see  chaptcit 
on  Infantile  Paralysis). 

Warts. — Warts,  if  they  were  regarded  as  of  sufficient  importance, 
might  be  removed  by  electrolysis  of  the  base,  or  by  the  galvano  cau. 
tery. 

Dixsohlion  of  CaUuVt  in  the  Bladder.— 'Dmi  eirployment  of  the  gal 
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vatiic  current  to  dissolve  calculi  was  proposed  by  Bouricr  in  1801,  by 
Morgijrdini  and  Lando  10  1803,  and  by  Gruithuiseii  in  1813,  but  was 
first  siiccesafully  carried  out  by  Fr^vost  and  Dumas  in  1823. 

The  theory  of  Provost  and  Dumas  was,  the  calculus  coutd  be  m&de 
to  crumble  by  the  mechanical  effect  of  the  gases  generated  by  the  cur- 
rent. In  clicir  &rst  experiment  they  placed  a  fusible  human  calculiii 
in  water,  f^ubinitted  it  to  the  actiun  of  a  voltaic  pile  of  lao  eleincnls 
for  twelve  hours.  Platinum  wires  were  placed  against  the  calculus,  on 
opposite  sides.  Fine  powder  soon  appeared.  At  the  end  of  the  oper- 
ation the  calculus  was  found  to  have  lost  12  grains  in  weight,  the  origv 
mil  weight  having  been  92  grains.  It  was  again  submitted  (o  the  cur- 
rent for  1 5  hours,  at  the  end  of  which  lime  it  was  reduced  to  very  snaAll 
fragments  that  could  have  easily  passed  the  urethra. 

Their  second  experiment  was  made  on  r  fusible  calailus  in  the  blad' 
der  of  a  living  hitch,  into  which  warrci  water  had  been  injected.  The 
application,  which  lasted  an  hour,  was  repeatetl  12  times  during  six 
days.  The  calculus  had  become  so  friable  that  the  ojKration  was  not 
repeated.  Rxaunnaiion  of  the  bitch  after  death  showed  evidence  that 
the  bladder  had  been  injured  by  the  operation. 

^f>  iSj5i  Bonnet  proved  that  by  applylixg  platinum  electrodes  to  the 
opposite  sides  of  a  calriiliis  in  a  solution  of  nilrate  of  potash,  electro 
chemical  deconipoMtion  ensued,  by  which  nitric  acid  appeared  at  one 
electrode  and  potasli  at  the  other,  'llie  cflcct  uf  these  two  substances 
was  to  dissolve  the  calculus.  Stones  composed  of  phosphate  will  be 
dissolved  on  the  acid,  and  those  composed  of  uric  acid  or  urate  of 
ammonia  on  tlic  alkaline  side.  Under  this  action,  the  stone,  unless 
very  hard,  becomes  friable  and  falls  to  pieces.  These  ex|>eruiicats 
were  confirmed  by  Bence  Jones,  who  also  found  that  calculi  of  oxa- 
late of  lime  could  be  slowly  dissolved  in  the  same  way.  Neither  of  thes« 
experimenters  attempted  the  dissolution  uf  cilculi  in  the  human  blod- 
der.  Some  experiments  made  by  Dr.  Rockwell  in  tlits  line,  and  also 
by  Dr.  Beard,  at  the  suggestion  of  Dr.  Couley,  did  not  give  vrry  satis- 
factory results.  The  amount  of  dccumposilton  of  [ihosphatic  stone  was 
very  trifling,  even  when  strong  currents  were  used  for  several  hours. 

Electric  Explorer  or  Probe,- — This  app.iratus  (Fig.  an)  indicates  at 
once  the  presence  of  metallic  bodies  in  gunshot  wounds. 

Fig.  1  represents  its  natural  size.  Fig.  a  shows  one  of  the  explorii^ 
sounds  There  are  generally  two  sounds,  one  stiff,  the  other  flex- 
ible. 

The  trembler  nr  needle  is  so  arranged  as  to  re^st  all  shocks  and  fulfil 
Uie  following  conditions  : — 


ELECTRIC  EXPLORER. 


1.  It  is  very  purtablc,  and  in  all  possible  positions  can  be  carried  in 
the  vest  pocket,  or  In  the  ordinary  surgical  case. 

2.  It  cannot  be  deranged. 

3.  Three  senses  take  part  in  making  the 
exploration — tlie  hearing,  the  touch,  and  the 
>^t 

4.  It  indicates  vith  certainty  the  presence 
of  a  ball  by  the  movement  of  tlie  trembler, 
an  effect  which  is  only  produced  tcAen  the 
circuit  is  closed  hy  a  meta/lic  body.  Experi- 
ence has  shown  Chat  the  contact  of  organic 
tissues,  even  with  a  battery  of  15  elements 
(and  probably  with  even  a  greater  number), 
will  not  put  the  trembler  in  vibration. 

5.  The  explorer  indicates  at  the  same  time 
the  depth  at  which  the  ball  is  situated,  and 
in  some  cases  also  the  flexible  sound  pre- 
serves the  form  of  the  canal  through  which 
it  passes. 

The  battery  is  in  a  case  made  of  hard  rub- 
ber. TJiis  holds  tlie  elements,  zinc  and  car- 
bon, wEiich  &U  only  half.  The  odier  half  is 
occitpied  by  the  exciting  liquid,  a  solution  of 
sulphate  of  mercury.  When  the  case  is  re- 
/ersed,  or  in  a  horizontal  position,  the  li(|uid 
Bows  on  to  the  clement  and  a  current  arises  ; 
when  the  case  is  in  a  vertical  position  the 
metals  are  not  touched  by  the  liquid,  and 
there  is  no  current.* 
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*  The  fint  ftppariCu«  for  tli«  electric  cxplontlion  of  wouncU  wu  <3evi»ed  bjr  M. 
F»vre,  of  .MMTvcitlot,  of  wliicli  ilic  foflowing  jR»cri|itton  w-a*  ylven  by  X6Ut»n,  in  t«- 
maili*  10  hif  cUis  at  th«  //fj>iliiJ dts  Cliniqua:  "Twoconducimgwires  are  placed  in 
■  nheath,  orlhe  two  elcctioilc*  inay!»e  covered  by«n  bolnttng  suti^tance.  These  wires 
are  in  ccnununJcation  with  &  Lraticry  of  only  one  couple,  and  a  galvinometeris  futentd 
on  one  of  the  vires.  If  you  intrnduce  the  end  of  ihcK  into  a  woum),  [he  contact  of 
the  soft  parts  t^ic  bones,  or  pus,  ia  not  soSiciciil  to  e»tal>11tli  a  current,  but  if  the 
cikIs  come  in  contact  wi[h  ■  metallic  body,  the  aecdie  of  the  gilvAnomctCT  will  rise, 
thii  bdojE  a  proof  that  the  circuit  is  complete.  Unly  one  coopte.  however,  ihoold  be 
used,  so  OS  to  avoid  the  decomposition  af  the  fluids  in  the  wouiul,  which  would  itnme. 
dUtely  give  rise  torn  currcjil,'*— (.4«.  Jour.  Mtd.  Sdtnttt,  vol  kLv..  1S63,  p.  218.) 
Durinig  the  recent  Franco- Prussian  war  an  "  EltrtrU  BuUetS€tl*r;^  tlial  'trikei  a 
lillle  beil  viieu  uetitllJc  coimuction  is  made,  liu  been  tucceufully  used. 
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Bfli's  Induction  Balanct. — Superior  lo  these  contrivances  for  practi- 
Cdl  )>urposes  is  ilie  ingenious  instiutnenl  devised  by  Professor  Orahani 
Be)l.  Jt  consists  of  two  Aat  coils,  a  battery,  an  intemipier,  ex|>loring 
coils,  and  a  telephone. 

When  the  two  flit  coils  are  proiwrly  adjusted  and  the  circuit  closed 
the  telephone  gives  no  sound.  When  the  exploring  coils,  however,  are 
placed  u(>on  the  body,  and  in  close  proximity  lo  any  metal  that  mav  be 
embedded  in  the  tissue,  the  electrical  balance  is  disturbed  and  s  clear 
musical  tone  is  heard.  This  coil  was  unsuccessfully  nscd  in  the  case  <A 
("resident  Garfield,  but  more  recently  it  has  b<en  perfected  andean  be 
confulently  relied  u[K>n  to  discover  the  location  of  bttllels  or  other 
melal  in  any  {portion  of  tikc  body.  In  military  surgery  especially  it 
cannot  but  prove  of  the  greatest  value. 

Extraction  of  Foreign  Bodies  by  (he  Electrff-Afagnet. — T>r.  Delore* 
has  suggested  the  electro-magnet  as  a  means  of  extracting  foreign  bodiei 
from  the  eye,  urethra,  auditory  canal,  etc.  He  stales  that  ihe  magnet 
has  been  used  for  the  imrpose  of  extracting  pieces  of  iron  and  steel 
from  the  eye  since  ihe  days  of  F.ibrtce  de  Hilden.  Delorc's  attention 
was  called  In  (he  Btibject  by  an  attempt  which  he  made  to  extract  a 
piece  of  a  pin  from  the  external  auditory  canal.  A  slender  magnet 
was  prepared  by  M.  Vasse,  which  could  be  bent  at  will,  but  it  was 
found  to  be  not  sufficiently  powerful.  Then  M.  Kassc  suggested  the 
idea  of  using  the  clectm-niagnet  for  this  purpose.  ^Vilh  Ihis  view  he 
constructed  a  small  electro-magnet,  coni|>osed  of  a  stem  of  iron,  with 
a  bulbous  extremity,  and  covered  with  several  windings  of  insuUted 
copper  wire. 

The  force  that  is  obtained  is  in  proportion  lo  the  strength  of  the 
current  used  to  magnetize  the  iron,  the  number  of^irals,  and  the 
diameter  of  the  magnet. 

In  order  to  ascertain  how  much  power  was  necessary  to  extract 
needles  fruni  the  body,  a  number  of  experiments  were  made. 

•'  A  needle  embe<ldcd  in  the  homy  substance  of  the  hand  to  ihe 
depth  of  tliiee  niilUmetres  requires  for  its  extraction  a  traction  of  S9 
granvnies." 

"  Embedded  sixteen  milli.  deep  in  the  heel  of  a  cadaver  requires  400 
grammes."' 

•^  Embedded  four  centimetres  deep  in  the  calf  of  the  leg  it  requires 
400  grammes.'* 

"  If  it  has  perforated  the  cornea  it  must  have  a  traction  of  J9 
grammes." 

*  TranstatcJ  rrotn  Lyon  Mctllcal  In  N.  Y.  ^fc<lical  Cuette    Aug.  30,  1870. 
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Th«  advantage  claimed  for  this  method  of  extracting  roretgn  metallic 
tx)dies  is  ihai  "  it  produces  no  sensation  on  the  surface  of  the  tissues," 
and  also  is  less  liable  to  injure  them  than  forceps  or  probes. 

The  investigations  ol  l>r.  T.  R.  Pooley,  of  New  Yoik,  Itad  him  to  the 
foltowtng  conclusions  :  i.  That  a  sieel  or  iron  botly  in  the  eye  may  be 
detected  by  a  suspended  magnet  when  the  body  ties  near 
its  surface.  2.  The  presence  and  position  of  such  a  forrtj^n 
1}ody  may  most  surely  be  found  by  making  it  a  magnet  by 
inchiclion,  and  then  testing  fur  it  |iy  a  minute  Euspciuird 
magnet.  3.  The  intcnsitj'  of  dcflecuon  of  the  needle  is 
l>rO|>Oflionate  to  the  depth  of  the  IkxIv.  4.  Changes  of 
(iiflcction  of  the  needle  indicate  changes  of  position  in  the 
foreign  body. 

An  interesting  case  is  reported  by  Hardy.*  Forty-eight 
hours  after  the  injury  a  small,  narrow  strip  of  steel  was 
seen  resting  on  the  anterior  surface  of  the  lens,  so  situated 
as  to  be  covered  by  the  iiis  un1^■^s  the  pupil  was  dilated. 
Only  a  small  part  of  the  lens  behind  the  bit  of  metal  was 
ojiaque.  Twenty  four  hours  later  the  effect  ofa  powiriful 
clcctro-bar-niagnct  outside  the  eye  was  tried.  When  the 
pole  of  this  magnet  had  been  approached  to  a  distance  I'f 
four  inches  from  the  cornea,  the  chip  was  seen  sud<lcnly  to 
spring  away  from  the  Icr.s  to  the  i>osieiior  surface  of  the 
cornea.  On  removal  of  the  magnet  the  metal  fell  to  the 
bottom  of  the  anterior  chamber,  and  was  then  extracted 
through  an  incision  made  as  (or  iridectomy.  The  lens 
became  afteiward  opaque  throughcut,  and  was  then  gradu> 
ally  absorbed. 

Grueniitg's  Magtut  (Fig.  213)  for  the  removal  of  parti- 
cles of  steel  OT  iron  from  ihe  vitreous  chamber  is  manufac- 
tured by  John  Reyrxlers  &:  Co.,  New  Yoik. 

Several  magnets  are  jomed  into  a  bundle,  thus  making  a 
powerful  magnetic  magazine,  and  concentrating  the  f^^at- 
cst  possible  magnetic  polarity  in  the  least  |>05sible  dmien- 
sions.  A  long  and  delicate  piece  of  malleable  iron  is  fitted 
into  one  extremity  of  the  bundle  of  magnets.-  As  shown  in  the  cut, 
the  two  extremities  of  a  nutuber  of  magnetized  steel  rods  placed  par- 
allel to  and  at  a  little  distance  from  each  other,  arc  fitted  into  iron 
caps,  one  of  which  is  provided  with  a  delicate  point  of  malleable  iron 
3  nira.  long,  i  mm.  widi,  ind  0.3  mm.  thick.    This  point  is  powerfully 

*  Medical  Times  and  (iueite,  April  13,  187S,  p.  401. 
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magnetic,  sustaining  with  ease  a  weight  ol  fifteen  grammes.  Chips  of 
iron  weighing  fruin  one  to  fifty  cenligratnincs,  when  placed  inlo  Ihe 
vitreous  of  recently  enucleated  animal  eyes,  are  atcracieil  tuvarJ  the 
point  at  a  distance  of  i  to  5  mni.,  &nd  withdrawn  with  the  grcatc&t 
facility.  The  instrument  thus  perfected  equals  Hirschbcrg"*  electro- 
magnet in  eOiciency,  but  surpasses  it  in  simplicity  of  construction,  con- 
venience of  furm,  and  lowncss  of  price. 

EUttrO'Chemieal  Baths — Remm-al  of  Poisoneus  Atttais from  fht 
Eoiiy. — In  1855  Vergncs  and  Pocy,  of  Havana,  reported  to  the  Frcoch 
Academy  a  method  of  removing  poisonous  metals  from  the  body  by 
means  of  the  galvanic  current.  Ve^n<b,  while  practising  elcclropUting 
in  1853,  had  brought  an  obstinate  ulceration  on  his  bauds.  He  placed 
his  hands  in  an  electric  bath,  connected  with  the  )>usiiive  pole.  lo 
fifteen  minutes  a  metallic  plate  connected  with  the  negative  pole  in  the 
bath  was  covered  with  gold  or  silver  from  the  ulcer.  A  few  such  treat- 
ments cured  the  ulcers. 

An  electrochemical  bath  is  taken  as  follows :  An  isolated  metallic 
tub  is  placed  on  an  isoUtetl  bend).  The  tub  ts  filled  with  water,  acid- 
ulated with  nitric  acid  if  mercury,  gold  or  silver,  and  sulphuric  aod  if 
lead  is  In  the  patient.  The  patient  is  placed  in  the  baih,  and  the  tub 
is  connected  with  the  negative  pole,  while  the  patient  lakes  the  positive 
|>ole,  part  of  the  time  in  the  right  and  part  of  the  time  in  the  left  hancL 
The  current  now  enters  the  arms,  and  passes  through  the  body  to  the 
tub.  The  metal  tliat  Is  extracted  fruni  Ihe  body  is  fuund  on  the  sides 
of  the  tub,  in  the  water  in  the  tub,  and  in  the  atmosphere  of  the  roon 
from  evaporation. 

These  experiments  were  confirmed  by  Caplin  and  Meding.  Meding 
extracted  mercury  Jrom  a  patient  in  this  way.  Vergnis  employs  elec- 
trode hen  tical  baths  also  for  introducing  medical  substances  into  the  body. 
The  patient  sits  in  the  bath  containing  the  solution,  and  in  the  iiositton 
described,  ami  absorbs  the  substance  while  the  current  is  parsing. 
Among  the  remedies  that  Vcrgntf*  employs  for  the  purpose  are  phos- 
phate of  iron  and  nitric  acid.  There  is  little  question  that  the  passage 
of  the  current  through  the  body,  immersed  in  certain  medicated  solu- 
tions, aids  in  the  absorption  of  some  portion  of  the  compound.  This 
whole  subject,  however,  is  yet  in  dispute,  and  will  remain  m  dispute 
until  it  is  cirefulty  investigated  by  competent  men,  and  all  possible 
sources  of  rrror  are  guarded  against. 

Faradic  Anasthes'm. — The  benunibing  efTects  of  the  faradic  curreni 
on  the  nerves  may  be  utilized  for  the  production  of  locil  antesthestj. 
(See  Eleetro-Physhln^y  )     It  is  only  indicated  for  shglit  or  at  least 


short  operation»,  such  as  the  op«Dins  of  abscesscH  felons,  buboet,  the 
extraction  ol  foreign  bodies  and  of  teeth. 

For  opening  abscenes  a  strong  faradic  carrent  should  be  directed 
through  the  parts  as  the  inci&ion  is  inade.  The  relief  thus  aHunled  'a 
slight,  but  is  positive,  and  ii  not  unworthjr  of  a  trial 

Faradic  ann:>lhesia  has  been  chicHy  used  in  the  extraction  of  teeth, 
where  it  is  certainly  of  some  service.  The  patient  places  lus  foot  in  a 
metallic  slipper,  cr  on  a  plate,  or  holds  an  electrode  in  ihe  Iiand,  while 
the  circuit  is  completed  as  soon  as  the  forceps  of  the  dentist,  which  is 
connected  with  the  battery,  seizes  ihe  tooih.  It  is  well  to  connect  the 
forceps  with  the  negative  pole,  because  it  is  the  stronger. 

The  contractions  produced  by  the  passage  of  the  current  arc  certainly 
disagreeable,  for  a  current  of  considerable  strength  is  requitetl,  but  the 
pain  of  the  extraction  is  less  severely  felt  than  it  would  be  when  made 
unaccompanied  by  the  current. 

This  method  cf  producing  local  amcsthesia  was  at  one  lime  somewhat 
popular  among  dentists,  but  partly  on  account  of  the  fact  that  it  is  at 
best  an  iiiiiietrect  iitethotl  oT  [irevenlinp  Ihe  pain  of  the  operation,  partly 
on  account  of  the  mechanical  diiflicuUicsin  the  way  of  its  emptoyment, 
and  p^tly,  also,  on  accDunt  of  the  popularization  of  nitrons  oxide,  it 
has  fallen  into  disuse. 

Karadic  anwslhrsia  may  be  ntilixed  for  the  relief  of  the  irritation 
caused  by  the  application  of  caustics  to  the  larynx,  eye,  or  uterus. 

Dr.  A.  Tripier,*  of  Paris,  has  rccenjly  ailvanccd  the  theory  that  iaradic 
anxsihesia  is  explained  by  the  interference  of  the  d.ffercni  impressions 
that  are  made  on  the  nerye.  The  Impression  made  by  the  faradic  cur- 
rent 5rst  rcachrs  the  cerebral  centre,  and  neutralizes,  or,  at  least, 
diminishes,  the  impression  made  at  the  same  time  by  any  olhcr  irritat- 
ing influence.  This  theory  seems  to  us  sensible  and  jusl.  Dr.  Tripier 
further  recommends  a  return  to  the  practice  of  faradic  anxsihesia  for 
slight  operations. 

Hydro- Eiectr'tzation. — Dr.  Bsard  has  devised  a  method  of  apply- 
ing electricity  by  means  of  a  continuous  stream  or  jet  of  water  flowing 
from  a  metallic  tube — or  otic  that  has  a  metallic  orifice — connected 
with  one  pole,  while  the  body  of  the  patient  is  in  any  convenient  way 
connected  with  the  other.  A  jet  or  stream  of  water,  so  long  as  it  is 
not  broken  into  spray,  will  conduct  the  current  from  one-eighlh  of  an 
inch  lo  one  or  two  inches  from  the  orifice,  according  to  the  siic  of  the 
slreain,  t<i  any  part  where  It  may  be  applied.  C'^ntradions  of  muules^ 
ttnd  ail  ihe  ^fffilsoj  ordinary  hcalited  tiectrixation  may  ht  thus  produced. 
•  Archives  uf  Elcctrwltfgy  and  Meurwiogy.     May,  1S74.  p.  109, 
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This  ntelhod  orelectrixation  is  adopted  for  those  localities  whrre.  oo 
account  of  ilic  natural  sensitiveness,  or  from  the  naiore  of  ihe  disease, 
ordinary  electrodes,  by  their  mechanical  irritation,  cause  unbeaiabtc 
pain,  or  wliere,  for  anatomical  reasons,  they  cannot  be  applied. 

For  supplying  a  continuoufl  stream  of  water  we  use  an  ordinary  stiff 
rubber  bag,  which  is  filled  *iih  water  in  the  usual  way,  by  first  com- 
pressing the  sides  and  exhausting  the  air.  Connecletl  tviih  this  bag  ve 
use  silver  tubes  of  various  shapes  and  sizes,  provided  with  small  thumb- 
screws  for  making  iheconnectionnich  ilie  battery,  and  either  insulated 
or  non-insuUtcd,  according  to  the  S|»ccial  purpose  at  hand. 

The  various  douches  that  ate  used  for  the  cavities  of  ihe  body  may 
be  utilized  (or  the  same  purpose,  provided  the  leather  tuhti  are  HniA 
tt'ith  spirals  of  wire^  to  keep  up  the  connection  of  the  eurrrnt,  or  the 
tubes  are  composed  of  metal  and  insulated. 

On  this  piinciple,  and  in  onler  to  meet  the  same  therapeutical  in- 
dications for  which  ordinary  clectiization  is  employed,  applications  may 
be  made  to  the  external  attditory  canal,  and,  in  cases  of  ru|»lUTe  or 
ulceratiqn  of  the  membrana  tympani,  to  tlie  middle  ear,  by  a  straight, 
insulated  lube,  or  by  the  ear-douclie ;  lo  the  eot^JHnctk'a  by  a  sii^le 
tube  or  by  tlie  ear-douche  ;  to  the  nasal  passages  by  the  nasal  doucbe, 
ur  metallic  posterior  nasal  syringe  \  to  the  pharynx  and  naso-fharyHgoiti ' 
spaeehy  a  properly  curved  tube  ;  \Xi\)\c  stomach  by  the  stoma ch-douche* 
such  as  has  recently  been  used  by  Ploss,  of  Lcipsic,  or  by  the  stomach- 
pump  ;  to  the  ^/fl//j/i*^  by  the  bladder-douche  ;  to  the  rtz^iird  and  ^rby 
the  vaginal  douche  :  and  to  the  cavity  of  the  uterus  by  the  uterine 
(louche  ;  to  the  cavities  of  optned  ahscesset ;  to  stumps  that  arc  slow 
to  heal,  and  finally  to  all  irritable  ulcers,  wherever  situated. 

Either  the  galvanic  or  the  faradic  current  may  l«;  used,  and  ihe  water 
may  be  pure  or  variously  medicated.  Warm  water  conducts  better  than 
cold,  and  is  therefore  preferable,  except  for  those  cases  where  the  tonic 
effects  of  cold  are  indicated.  The  conducting  power  of  the  water  is 
also  increased  by  the  addition  of  common  salt,  an<l  various  mrdicinal 
substances  which  are  ordinarilynsed  for  the  treatment  of  the  conditions 
for  which  hydro-elecirization  is  indicated,  and  may,  therefore,  be  |iroper- 
ly  combined  with  it.  Potter's  hydro-therapeutic  contrivances  arc  very 
convenient  for  the  purposes  of  hydro-electrization. 

Mlectro- Medication. —  Long  ago  it  was  contended  by  Fabii  Palapnil, 
Orioli,  and  Vergn^s  that  medical  substances  coidd  he  introduced  into 
the  body  by  means  of  the  galvanic  currcni,  but  by  Reniak.  Kosenthalf 
Tiipier,  and  others  their  statements  hive  been  discredited.  From  o-ir 
ex{ierimcnts  it  wou'd  £ccm  ihat  atropine  niiglu  be  intiof'uced  into  the 
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system  by  means  of  the  faradic  carrent  in  sufficient  quantities  to  slight- 
ly affect  the  pupil. 

Rrcenllf  Beer,  ot  Vienna,  and  Von  Bnins  ♦  have  succeeded  in  intro- 
ducing iodine  into  the  dead  and  living  subject,  by  means  of  the  elec- 
trolysis of  iodide  of  iKilassium.  For  tfiis  purpose  they  have  used  a  glass 
tube,  containing  a  solution  of  iodide  of  potassium  (i  to  i,  or  i  to  2), 
tiglitly  corked  at  one  end,  and  at  the  other  covered  with  clolh  or  a, 
piece  of  bladder,  and  connected  through  the  cork  with  the  negative 
pole  of  the  galvanic  current  by  a  piece  of  plalinum.  The  positive 
electrode  may  be  of  a  similar  construction,  or  an  ordinary  sponge  elec- 
trode. 

If  by  this  arrangement  an  application  be  mide  through  the  face — an 
electrode  being  placed  on  each  cheek — for  a  few  minutes,  traces  of 
iodine  can  be  detected  in  the  saliva.  A  good  test  for  toiline  is  liisui- 
phide  of  (arbon,  which  will  detect  one  part  in  1,000,000  parts  of  water 


FlC.    BIJ. 

Cataphoric  EIrclrode. 

*  I>ie  Ga1va»o-Chirtir(pc  odcr  die  Galvanolcaustlk  nnd  Elelttrtil^-tls  bd  chlrurgi- 
sdico  KiankhcUen. 
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by  the  purple-red  color  which  it  produces.  Another  trst  is  glycerin, 
which,  mingled  n-ith  iodine  and  electrolysed,  gives  a  dark-blue  or  bUck 
line.  The  elecirolylic  introduction  o(  iodine  has  been  used  in  giand- 
u/ar  rteei/ings  (as  goitre),  fffmwns  in  //u  Joinis^  ffiri&sHHSy  and  irith 
asserted  success,  after  simple  galvanization  has  failed. 

For  the  relief  of  pain  the  cataphoric  action  of  electricity  hu 
served  a  good  purpose,  and  the  electrode,  Fig.  313,  is  a  very  simple 
and  effective  device  for  the  utilization  of  the  method.  Solution  of 
aconite,  aconitia  strychnia,  morphia,  cocaine,  \:\v.^  may  be  plac^ 
upon  this  electrode,  using  it  in  connection  with  the  positive  pole, 
and  transmitted  through  the  skin  in  a  few  moments.  In  using  coca* 
ine  the  strength  of  the  solution  should  be  from  ten  to  twenty  per 
cent  with  a  current  of  5  to  15  milliarapf^res.  The  local  anarslhesia 
induced  is  sut^cient  for  slight  operations,  and  superficial  neuralgias 
arc  not  infrequently  very  much  relieved. 


GLOSSARY. 


SrfiarMiiam  9/  Ikt  ttrmt  uuJ  im  ELtcntO-THIRArsuTTCS  (Medical  lod  Sargi 
ni),  imlMhng  mlu  many  oj  tit  ttrmt «/  ELXCnto-PHTSlcs  amd  Elbctko-PittsI- 
OLOOT. 

With  the  progreM  a\  (he  ttndj  of  EledrtHly  In  il>  reUlioat  to  Pbyda,  Pbyd. 
ology,  Practical  Mcdkio^  and  Surgery,  tbore  hai  aiisen  a  new  and  cxtcmirc  termi* 

IDoloQr. 

The  tcmu  used,  especially  in  Electro-TIiefapeuticB  and  Electro- PbysioIoQr.  tttv> 
IwcQ  intnxlaced  by  diifHercnt  obKrvcfi,  la  varioiu  countiioi  and  in  difTcrcnt  Ian- 
gaagea,  and  are  alt  necessarily  based  on  an  Incomplete  knowledge  of  the  mysterioiu 
force  whott  phenomena  and  manifold  rclatioiu  ibey  aim  to  detcribe.  It  was  inerita- 
ble  tbat  a  nomenclature  dcviwd  undn-  such  drcuin«l3nc«s  sliould  b«  more  or  leM 
Inaccunte  and  confu)«d.  This  Inaccuracy  and  confiirioa  have  been  ailU  fiuthcr 
increased  by  the  caretesanen  of  wiilets,  who  have  misuader^Iood  and  mlupplkcJ 
these  termi,  and  ideally  perverted  ibnn  From  iheir  original  meaning.  It  would  be 
difficult  to  find  any  two  anlliora  who  entirely  agree  in  Itieir  ose  of  terms,  even  of 
those  which  are  tno«t  frequent  and  most  important ;  and  readcn  who  are  not  thor- 
oughly rimiliar  with  all  branches  of  the  subject  in  the  various  languages)  and  with 
the  incorrect  as  well  as  llie  correct  phraseology,  are  ooostanlly  bewildaed. 

It  Is  believed,  therefore,  that  a  list  of  the  words  jmd  phrases  employed  by  writers 
on  Electricity,  wMch  should  present  their  original  and  derived  meanings  in  their 
vartoni  oombinatioos.  with  thetr  correct  and  incorrect  synonyms,  n«uld  be  of  service 
not  only  to  those  who  conmit  lliis  volume,  but  to  all  who  occupy  themselves  with 
the  departineoC  of  Elect ro-Tlierajieulici^ 

The  need  foi  such  a  list  i&  rerulcied  ilie  more  inipcraltve  bom  the  fact  that  manf 
of  the  terras  it  includes  cannot  be  found  in  the  most  recent  dicltooarics^ 

Tbe  terns  which  we  liave  ourselves  Inlnaluccd,  ov  Iti  which  we  have  given  ■  new 
combination  or  attached  a  peculiar  tij<ni(icatign,  arc  designated  by  a  star  (').  The 
figares  refer  to  tbe  ptces  in  the  present  work  where  the  lenns  to  which  they  rcfct  uc 
explained. 
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CLOSSARV. 


AMAUHMMno".  Ta  cea  ipMmd  nutony  (quiduflon)  wtib  ukiKv  maaS.  In  KtdRro-niyria,  da 
lem  ii  Ofuallf  applM  m  lb*  cowiRf  ot  iba  mc  pla«n  «irh  mtKury,  bj  fim  peuriag  mti  Aim 
•D  kU  •oluiinn  And  then  dipping  iben  hi  mncurj',  at  pfluinf  ll  9V*r  lk«s. 

A)«i^cT<wTO»g«.  ^1i>  pluM  of  Jimtnulinl  irrilttiUity  irhkh  a^pcan M  ihc  pcMuiii*  psk  »faa  1 
Btrva  ti  in  the  etecmtonic  oandilioa 

AKtMAL   IClJEC-T«i;tTV 

Anxift.    In  aJectrclysit  ibc  dectm-pwitiTc  aubflBMcs  that  fa  n  th*  a  Aed*  (Fafster) 

AMoas  (an,  upward,  and  U4t,  way),     WiMn  lb*  cnrmt  nMn,  calWd  alao  /m'rnv  or  tvff*'  ^ 

(Karaday). 
AvratOHK 
ArrANAtvi.    A  tentri*«iiee  or  oomUMildB  far  k  oettala  parpaat:  thm  v—A  a|iiu»|iiwrfy  «A 

mMkku  V  i*tUry.     Siricdy,  hoircva,  appantuk  ia  applied  only  to  the  man  »uapl«0]Mi»*aan^ 

■ad  BBchint  Id  ih«  more  omiplei. 
Akmatvui.    Ban  or  ktf/trt,  ii\utL,  vfcea  pUotd  b  eoata«i  with  ihayabcfi  rafBM,  pnMncb 

anacneCuDn. 
AacSHDiiKL     FroM  fxripkny  vwanl  Ihe  ccBtrn,  applied  eip«cialty  la  the  ■avHU  ^i^H. 
lUmirv  Cun>«T  (aes  Galvaale  Cwtmi}. 
Uattkhv.  Eucnuc  (or  (atvank).    A  rtrin  a(  L^ydeo  Jjrm,  or  {bok  ftvqueady)  cd^  caaMCH4 

lOfclhtr.    llw  Icrm  ia  applied,  hownaa,  to  >  lingif  c«U,  aad  iaowractty  alaa  to  a  amtiaa  « 

■ppankMb 
BoiniD  EuumtinTv.    KUaMty  Is  ihe  l>tydai  ]W. 
Catalvm*  tiari.  auid  Avffii.  fcDM  A)^,  n  diaenfaf cL    The  alxorpCMo.  and  ibc  iL»i|iaiiyiaf  nM» 

ftmcnef  liquids  e>u««d  by  (kaebeuiealaciioaorih«s^v«nicairTai  (Rtn>ak>.    Iiiaapwf  lad 

renilt  of  electrolytia. 
Catalvtic.    Pertaining  u  ottalyMh 
CATHJKTmrrofnn.    IIm  phoaa  of  imrrmtMd  irrtloHiHf  which  an»*n  at  tlia  n<c>6^  p«fc  atn  • 

aer««  ta  in  ihe  cketrDtoeie  soadidea 
CaTkodii  ((•'^  dowDwird.  aad  Mdc,  way),    Wbcn  the  oirmt  pM»w  mi :  caOad  ate  atjaJi^ 

OT  (iW/*^ 
Catton*.    In  clcctrolytli,  die  cleenv-netui*«  nbttanoet  dial  to  lo  Ibe  anod*  (Fanday) 
Czu.C*«e£l«in«Bi>. 
CxjrraAi.  Calvamimtio*  * 
QiutiCAi.  i/ALVAXiO-CAi-nnv  (tea Ebctrotytii)^ 
CfvoNosconi  A>ti  CimoMOcaAni  txpir^,  linw,  aad  wwtmtB,  m  atawnaV    laatmaoaa  fa*  mm^ 

Ids  and  raaKdiog  th«  nlodty  of  Iha  iHmiut  broo,  dcondty.  «l& 
CtaCLB  Calvamic 

CbOaiKO  CoNT-dACTIONi.     ODolnClioiii  producvd  al  the  daaiixf  of  ih«  cIkuIL 

Ona^  I  UTi  FowcK 

Oon.  [mductiom.     KoIU  of  «ii«  in  whicl  the  nrrcnt  biadutcd  by  iha  altanwlc opano^  a*ddoiiB4 

of  the  orciiit,  am  Rkumfcoiirt  ooQ  (ice  IndiKtran}. 
COMHtTTATOa.    An  ■mn^ment  for  rrv«riin|[  lb*  cunrnt. 

CoKusxun.    Aaappannia  foreondcnianff  a  tarfequanuy  of  diuikJii  aaa  ^aal  ■vfte*. 
OtWDUCnHn  Wini.    The  wita  ihat  conduci  ih«  elcctridly  (ntm  (fae  lachi—  to  ibc  • 
OoMDUCTmrv  (or  conducirUliTy).    That  property  by  «fc>di  ■  limlj  miiiltiiinliiiiiiij 
CMrcoCTOK,    TbalahichcMiilucudectridly.    SoiMdaMa  lucd  lor  firrf nA^. 
ComTAirr  CvvniKr.    I'll*  e>'''>'^<c  camoi  Cnxn  ckiutnla  wilb  nMliquMa.    Hm  ooBatMM  bMaM  I 

that  are  ben  knaim  arc  thnae  of  Daaidt,  Grove,  and   Riui«n  md  Acfr  MMdit^uiHn  (p.  iQk^ 

AppGod  alM  ID  (be  juiAwuV mrmif  En cvneral,  aiij  iiied  ryanyinaMly <rflh tmmrimmmitt    Ilk 

aoBMiKBet  prelind  to  fahank  current  [ca«ttant  (alvank)  in  tka  aeaaaof  MmiJUurrttft^d  ff^ 

Gahrniic  Oiirm  t). 
Cbimmmt.    CoBiuntly  flowing  in  one  direction,  aomeiinM*  uted  in  the  BaaeawaoBaewwteatfM 

i<ata*mk.    Strictly,  It  ihould  b*  appliad  to  the  iinin(m«piird  plva»ic  cmn^x,  ilacc  lb«  bc^ic 

Cianub  Bii<B<ri  intcrrtipicd  CaM  Galvanic  CitcrtniX 
Onvmrnxn  Klsctiiizatioi.*    Thb  icnn  mltl>i  appropriately  be  appliad  to  tba  pnsacMd  ipple 

tioat  nade  by  g:ilvamc  diiki,  belE^  cfaaini.  poulbcaa,  etc.,  vorn  oa  lb*  body. 
C&irntACTTUTv,  I'Ilectro-Musci'lar.    That  property  of  MBactet  ibai  aaiw  dtaai  mmana,  «A«a'] 

acted  upon  \ij  (he  claLinc  currcDL     ll  it  10  be  diuinsimbed  Amb  irrilaliilrty,  vUA  ii  h 

Uecov-nDKiiUr  irriubiiity  May  caUl  ia  naaclM  lluu  ha*«  vlioflr  lo"  ^^^  tUctre-muacidat  i 

■■Clilti)  [aee  ImuUli^). 
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Cbt«n  Pou  t»««  PoiBim  Potel 

Cnrmrr  Cnamokii  [Mt  Cbntni  Ri*««a). 

CuKKEKT,  EutcTnic    fW  ooniiniMiM  diKharga  of  ckctridci  (hat  cwrfii  (roi*  eh*  nicil  actioa,  mk  ^ 

br  oampl*.  m  akei  pbo  in  aar  ordiiiMy  pl*«a>e  odL 
CuKKtxT  IxtMiAsn-"    Acoolnniacx  lor  ineretMag  ihe  ureactbaf  ihc  cwncnl  ifitiHrt  t^a4fi*c  iJi* 

eirmie.    A  fofn  of  AcMaL 
Cvniuttir  o»  thm  Pils  (m«  Galnaic  CurrtnlV 
CuKKKMT  RlvniRn.    An  ■rranceiBcnl  far  rvvcnmc  Ine  currcni 

CunxxxT  Skuktob.    A  camrivaon  Eur  brHigirs  anii  ilcurvd  numba  gTcltoMnU  into  Oie  cacuib 
Cvuxpn  Mackkk.    A  bm  gf  nuriitn* fee  iqwrailng  tmkri  dwtrieirr. 
iMtaJunHTTtK.     An  inimiBuil  (w  ncawrinc  niapK^e  4<d>nWiML    TIw  msHm*r't  fmmfsi  It  » 

dediMNseur. 
Drnutt.    CampactncM.    TIw  dcnaly  cf  a  can««it,  ixber  eattdilifa  brini  ibe  M«e,  t«  ia  propOrrioM 

to  ihc  inulbicw  ofih*  dtqratfaa- 
DaKKKiinfa.    Fran  dte  cunc  lowttrd  th«  pempb«rr. 
DiAHAChTnnt.    Tbal  giopwii  of  boJici  If  which  ihey  maoife*!  iba  oain  Bacndic  |iti«noiB«nA  u 

iron 
prBLKfTsic    A  ntfijiun  lluvusl)  which  induction  ii  p*opEica'«d. 

UlrUSCJC  CoKT«ACTtOKS 

DirOLAB  Aa«A«GtMU(T 

Sippuic  NuMX.    A  eecdtt  (br  nckiunic  the  nucnctie  dip. 

Dtncr  CirvMKMr  {«»o  D«Kn>tlDn|E  curtccii),  alio  iu«d  Ux t'h^nic ouitU\mt  GalnBic  OimM] 

DiHKT  £ucT<[:tJtTiDi> 

Ihn  (orCHUncom)  Faradiiatiom.     F>r«4iiiEiaa  wiOi  dry  decBwlM 

'Dtnauical  ELacmtcrrv 

EuctRic  (dwufaall,     Poraininx  tO.  dtrived  fran.  or  eoouininf  «lectridt^ 

eucntics.    "nuMCKutisUnca  whkh,  wheahaU  inthalun<]M4  rufabad,  IwcMMilacftie. 

EucTBic  Bath 

EtAcrnc  (or  neull'-c)  Bacni.    A  wire  bra>h  iim]  ■■  ckdrod^ 

IvLKCmiC  (or  gJilraiiiO  UlSKl 

Euumic  Hand.    The  bknd  D«ed  u  >n  BlixuotU  in  dKTnutkn. 

KuKTUti:  MoXA 

Euumic  Pdimts  ■  (Me  Moior  Pdnul.    • 

ElkctsiCiah.     On«  who  ■todies  cldmicitir  in  iu /^xiln*/ niatloa*,  •■  la  Ml«|nfihr :  aA«nam«*  iim4 

uKMLuwiljr  (iw  decvo-thcrapvMMt. 
Kucnicmr  (tA<aTp«v,  nab«t) 
Xt-BCniirr.    Tlvli  um  it  lUMlly  applM  l»  tha  um  oT  iiaikal  dfcsridiy.  uid  i»  therefore  iinonysoui 

with  (ruiUinlulian.     It  ■•  utcd  •omclinie*  ijriKinjraHiuUf  with  strclriMt. 
CunrntiiATlON.    Th*  act  of  dKtndni;.    Tb«  urm  induda  fuadirnkm,  eilvaainrio*.  aad  bwikliaK 

uiion,  or  the  i[ip1iotioa  of  Ualifa]  dttlricity. 

For  t.h4  m1i«  n(  unifcmnity,  ami  in  oiiiv  ci>  pivMrva  iha  aJlMinctinD  beiw««n  th*  dilliervnl  nMhvdl 

of  ■pplication,  fUclritttirmhui  in  ihit  wnrti  ■soallf  been  pre/emd  u  itiepcr>plNaMk««pf«Hlaa 

— tli«  oat  of  ehdricity. 
RuKTauB.    Tfl  alhei  \tj  «li«ridiy. 
EuKTno-AwiwrTi'HiiA,*    Tho  produciion  oT  local  amxthnia   liy  ih«  appTicaliMi  of  dectridty.    Hh 

£inidic  cutrmi  it  UKd  for  iW  pitrpoM  {on  CuadiE  lAciiliciia). 
EtJ9cno-CM>MicAu    Pctt»ii>i»s  to  ekctr-wlitiaiatry. 

ElACTKOOtltUtCAl.  UATN 

EuCTVO-CirwnCTav.    iLlertricity  in  in  reUcion)  k  dkenittrT,  of  which  eiectretr«ix  ii  ■  braadi. 
KucnOM  {•\ktKifiitr  and  &Ut.  way),    l^a  way  by  wh«di  lb*  poailM  an4  n«(aim  ek<tncil>M 

MHTt*    Hkc  posiiira  pda  '»  connecteil  with  the  lug^tipt  meul  t>(  die  olameni,  aad  the  Brr»>v« 

(ia(f  i>  connvcteil  aiiVi  lli«  lu^ilin  owtaL 
ELBcmo-DtACMoRift,    Th«  oaa  of  atanriiiy  ai  a  meaaa  af  diasnoaticatiag  dueaae  (p.  ttH),  odtvt 

alw  tUtlr^f^lh^l^cf' 
KuCTRO-DrnAUicm.    The  phcnonwna  of  dcctridty  in  mtiaa.    F^pcdaHy  applied  to  iba  maicrli 

aitnrtifltii  and  rrfiulueaaof  cutreniioacurmitk  ind  cumciU'aiimicnttik 
MuKtuaxjxit.*     Electnciiy  in  in  idatioat  to  rbyitct,  rhyuolorri    Patbalofy,  and  TLcrapeBlin, 

Badi^l  and  (urgical. 
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XucmoLMjirr.*    Oiwwho  >«  wwri  in  decttfcity  tn  JM  rdiiiau  m  Itirrfa^  ffcyrfalip.  hiM«cr 

Bn4l  lltuapniua.    Tlui  it,  Elcciro-PhyMc*.  Eknm-Phy«Menr.  CbeuvPadwIicy  [CkKBv-Dt 
,        agtKKii}.  aii4  ElKtro-UxnipcuMs  (FJocteo-Meilicine  aad  e>«:n*-Sur£er7), 
iLKTMOLnil  (%Jt««fpov  Mid  AM^-ihroush  AvvM.  OimisiKiaB)-     TtwetoiimemoJJx— ^lii 

XutcnraLrrv.    A  BubMaaM  wbich  ii  •iiKvptible  o(  etcctrolfn- 

XuKTwoLiTic,    PntsiiMif  lo  ilocnoly*!*. 

KLMCTWM.TIX.    To  ()«c«aipM«  >  oomponMd  MibMiEic*  by  da  aciua  of  elM*ial«7. 

KUK-ranLnA-noM.    Th«Ktalckciralriif>C- 

EucTfto-MAOKBT.    A  bar  «(  wA  iioa  wfckh,  udcr  dM  Inlunc*  ol  tfw  (alMMie  cwna^  hMKis 

■■fiMiiic. 
EucTMo-htiunamMi.    Th«  plmoiiMBk  ol  iusn(ti*ntTn«dtK)«d  b«  an  dccwfe  cunoL 
Slbctm-Mbmumm.    Ekdiicity  b  ■!»  rvLitiim*  M  ■wdioafc 
Eucraa-MnncAt.     Pcminittf  M»  *Iectro*«i«ilkHi«> 
£LurTBo-MaiMCATH>H.*      The   intraductioD  of   wilirhw  !■■»  iW   body  bf   oeuia  of    iJmiiri>| 

EucnoMmtr.    An  bi>lninwni  (or  mcawiniig  ibcctnusEoTkUaltvy. 

Eumu-Mcr.n'i  roaot 

Eucnto^ioTTDK.    The  notalt  tUt  itenenge  m  cteensc  ciitrcnr. 

fi-xcnD-OriATMCB.    Th<cl«clio-phv*io4acyMclccU'9-thenprauctaf  llwm* 

lL«cno-pAmoi,iMiv  (mc  Rlactro-DUBiMai*). 

Vi.KT»orNi>Kv».    A  caBavvaact  far  oaUiciiiH  t^wMJuj  by  mJikmi. 

■[ucraorHORUf  Macmimb 

Ei.tcnio-ri>iv«ic«,*    Rtocbicity  ■■  iw  likyiaA  whiJMi*. 

CLBCntD-rilVHOGMOlIT  * 

Eutcm-v  Pi  i  vnouxiv 

Eisnto-PKrwoLMUCAi.  AitAtotnr.* 

ELBCno-pHruouxasT.    One  who  ihidiet  elacirkitf  oi  lb  phyiaological  rvbtionk. 

Elxcrao-PuKCiin.    Th«   ■pplkatkKi  of  dccBJcii;   (yalvaMC,   iuwJic.    or    frwiklUE)    fcr  MbAn 

inimilucerf  beiMalli  [he  lurlicc- 
ELBCTicDsrorK.    An  in(Uu<n«nl  Toi  dcMctiiw  tiic  picwnee  tt  totiol  ebctridly. 
ELBCno-SzNMUurv.*    S«ntibitiry  of  ihe  tuJy  m  rieciridtjr 
SuECTHO-Suaoaav.     The  nw  of  slectriciir.  of  any  funn,  or  \j  uiy  nMlmd  of  •ppQcatios  b  WS^ 

cil  <ll««a»ai.    Il  ladudci  gatr^if-^tirtr'-f, 
KuKTMo^viCEiTiBiUTr.*     StuccjitiUe   lo  dectridly,  i«dttiliag  fafdo  — lOryiiUity  mb4  ^J«hb» 

H»i:*C>tilriliiy. 
ELBCrao-TiiniAnnrTiCAi.  AMA-rawr  * 
EtKTKo-l'iraKAHitmi.-K.    llis  uta  of  riodrictty  of  «B  farm  m  iha  vcMiwnt  at  <Ii*««.    7W  isa 

indude*  lolli  medical  anJ   Mirpcal  alaetrifity  taWctionursay)  ;  >Uu  tntmrnrtitr^/rmt^t  aad 

Ei«CTai>-THR«AnurTticT.    0«c  wtaa aMdiat  al«wfa<«y  In  lu  'llmii^fitlfMt lalinniii       ITailni  l>in 

pauliMi  ua  fraqucndy  and  cmiaecHuly  callnl  Kloctriciam*  [(M  Klacoiciafl). 
EucmnrNiic    Painbiinc  lo  or  d«i*«d  from  doniwwioa. 
fcjciiayiuiitti.     The  modifioiioo  vlucb  ■  Mrv*«a>TCal  umlersoM  otHoi  octad  Bt>o«  bj*  tW  gahmfe 

currant 
e  LBCrao- Vn-tu     Pertaining  to  animal  electricity,  wkich  ia  4«pand«aff  «m  aiAta/piwaiara. 
ELamirr  (c<i*iplc.  or  p«ir,  or  ocll).  Galvank  «r  Voltaic.    Twa  hnw  atwiaam  Malila  BanaMaA  la 

aciil  uliiiian.     Th<»  w«  hav«  Smoe'a,  Grave'*,  llunvn'i,  and  Pani^>  VM^mm,  gatla I  alM  a 

imtttrj,  alihoii|h  ibictly  aiattrry  oiaaMia  Mrinuf  etianmila. 
CxnA  CuaHun-.     Thecuncnt  arhidiiatnduoad  fay  aax  nil  of  «ii«  aa  dia  ad]acM  coOt  of  (In  ■■■■ 

■>ira 
ExTiA-roLAK.    Not  included  in  ilie  intnpabr  rttion  beiwean  iba  polM 
Fa«*mc  [FAaAnAvlcuaiiaxr.    Ttic  imtocnl  rurrent  (p  ji).     Tlw  icna  i*  afipCed  boch  la  INa • 

m^ITflk  and  m,yiut,*^lr(tru  ntrrfnli,  aince  ihey  ■ar*  baili  diacDvarad  ^  I'arB^ay. 

alao  ttrtHiiarf,  uittrruflrU.  iiti/w^i/.  imlmttivf,  U  *md  ft*,  imJirtti,   illttr»  lajarttfl.  aarf 

mii£n*te~rirttrie.     tn  Hit  trntri  tkw  Itrm/mnutk  htu  itm  •nifymify  »dk*rtid  Im. 
Va&UMIM.    11ic  flienDmcni  <rf  the  fondjc  nrrent     SoraeOBa*  uiad  tot /^t^ditmlitm. 
FiUumaL    To  aflaii  Ijy  ai>|j1>unun  uTilw  (amlic  cumnL 
FAftAOUUTWH.    AffxiHi(  by  a|i(>lkBikHi  >ii  tlx  Emdk  nincai.      Acconlinf  w  a«r  Usbeat  mbaiEj 
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hai  iinMCiiiihi  iif  flilnlltiilinniliif  iriiiiinfilinj  Mr  waHui  Wtiwlw  >hi«Afca<IM  i 
d0i*«d  ftms  Parnd  (r<  would  b«  rmn  coitNttmi  <nih  Mwtofy  ihui  bndiMlia*.  Tba  bthr  nod* 
ol  ((Hdlins  the  mvd  hu  iIm  twnfelJ  aJ«an«a(e  iKii  ll  hu  ban  lont  UMd  and  !■  llw  HOn  iMpI^. 
■fld  KeonliBiily  <■«  turn  rMatnvd  it  in  thi*  sarV  and  in  atloBr  nKmt  *Ti(iii{>.t 

f  «*«Kt-eMmucnuTV,    CaiMi»a8ii;r  wb^v  t^  bnJic  eunon. 

F*aADC^£i.acT«oi.ViATiOK.*    Tlw  timlttiHOtM  tnc  of  fandiobaa  «jid  ijii(liel|iilfaa 

FiMiitDO-niNcrins,    Etectra-pttnctnr*  wiiK  tbr  fiusdie  cdrimi.  mn  owch  Mod. 

F«RAPO-«»CXm*IUTV.*    Snaotpblaiiiy  W  Um  Fmdic  cunviK. 

Fnahkuih^     Panainins  ta  Malkal  deciricit)r. 

raAMKUHiiM  (FkAMtuti).    The  phcnMBcoa  of  tulical  dactricky. 

fn^MKLntiiATHjiN.   Tin  ittpUcMiw  of  wriol  ihewfciiy. 

I  ncnoMAi.  iCuumiKTrv.     Electricitr  e^iMnted  by  fticiiML    ll  b  «m  hr«i  «f  tatkal  ilwukhr. 

«liK&  u  dM  vidvt  tcrat.  induiliut  dKiridiy  ■■BtjaiMl  by  pnswu*  o«  cks<nic« :  M  i^  Win* 

■re  DMd  lyaowymJy. 
Calwanic  ArfAAATVS.     Appantua  for  cni«ialinf  Mod  fiirnnlii«c  l)M  pKaaie  cumnL 

CaUT AKK  TlKLT 

Oalvamk  O  I  a  lit 

Galvanic  OoctM,    Two  nwnli  ta  K  Kqidd— ih«  2*lnNic  tfemcnt,  poir  or  c«n  im  oHt*t  li  nOvd  aIic 

■  Hrt^it  or  tMjtim,    A  cbdt  mA|-  bo  liugU—vtu  cell  «  |Mir :  or  c»f/Wi«J   w»«*l  >aiD*4  ••- 

fcUier. 
Galvamic  CLrvlKiiT.    A  nimnr  rvAnaUd  by  cVnioil  anion  •nd  oomin[  directly  brmt  the  rdl.  pik^ 

or  batsery  in  vhieh  ii  i«  k^i*""*^  1  dimi'if  <i<>li«>l  fron  itic  &nJK  cnnrnt,  tl^  n,  rn-lniml  <•*  m 

coilorwim:  called  alio  ea-tintmi,  t^/utuHl,  d^rttt,  frim^rj,  <mrr*ta*/litt  f*U,hntUtjn^ 

rtHt,  atut  tatlaic  titrr^ml. 
Calvajck  (or  Electric^  Dwks 
G*L«AMC  P»i«  (tec  K'emenl). 
Gai.vamc  PtKuKiKX  piun  uteriM} 
Calvamic  Pooltilu 
Oaltammi.    TIio  •deoee  vliidi  B«9t*  if  elecpldiy  tlui  ame*  fniM  chcnviGil  action :  called  alao  «W 

tatror  ^IVMwa-ii/tlKlridlyilr  Whii*iii.   PhytidMft  an  of  bM  hidmnt  IB  prehr  iba  lermi  dMiwd 

from  Vain :   PltyMologiMn  And  Phyticiona  ■enerjilly  •oiptny  th«  Mnm  derrvod  bon  GoJvant. 
CALVAJtttATIOH      Aflcctioc  by  applicitian  trf'  the  pilvanic  awrcnt. 
CALVAfiii.    To  ftffact  by  ■pplicauoB  of  ch«  /xfrnwr  curntit.  cmaoouilr  Appliod  la  all  forms  ot 

cIccuuAiion. 

C*LVAHI>T.     On*  who  DM*  ga'nnl*"!  (tilll*  UKd). 

Calvamo-caustk  ((ee  CalmnooitMry). 

CALrAMi-«:AUTEKiBii.     The  application  of  the  sslimo-taitfcTy  (aw  Galnn^oalnkatiM} 

C*tTANo-CAL*n[iiifA-nDir.    T)ie  act  of  Uirainc  or  •euwic  by  a  Mn-coadiudnr-wif^  healed  by  the 

gd*aaic  cnireni. 
OALVAMO-CAn-Rsr.    CaateWntion  by  a  mitlini  w4re  (wually  pktinuB),  be>t«d  by  iIn  ^vaak  cw^ 

nnt ;  catleil  aUo  giliiuia-CBiiklic.  <m  gafiM»r-taiiilji 
GALVAKO-CUKTaACTIUTV.     ConirovfiKry  tinilvt  ll<«  gilvnnic  Oinvni, 

GAiyAMr>-rA*«t>nATio'<,*    l^e  iiMuJItHftiu  apiilication  of  the  plcinie  and  Gandie  eiitrean. 
Calvamomctkx  (or  multictiR').     An  in%l'unMi>l  (ur  <kicf<nininc  ilw  pmence  aiiJ  <lit«<ii»n  anil  me*»iir- 

1ns  <^'  itrencth  if  ■  oirrent.     It  ii  Crariiinitly  ni«J  by  dectrs-ihcnprahUi  ia  onlcr  to  amfaw 

ibe  doie  of  ihe  {itiaiut  CTitivot  iltai  Uiey  arc  (ivinit-      ll  u,  bovem,  ealy  an  appriMUBAlely  cia^ 

raa  (uide 
OALVAMXVNCTVaa.    Elactm-fHinrnire  nilh  the  falvanic  eurrcDL 
GALrAMMLOrv.    Aa  hmniaiem  fcr  inJicaliuf  the /rrtrvw*  of  dye  ■■tad  ekctridty  wiltoxt  JeNrwIa 

iiif  it*  imounL 
GAtXAHO-apuarr.    TbtapiillGiiiMiof  ihernAxNir  rurrtni  toiursay,  apaitor<I<ctr<>-Kirf«ry. 
0«t>»»»a  ■ujguTwn.rrv.*    Suweptibility  lo  tha  ealwutlc  mrreni. 
CALVAv^-TMitRArKUTica.    Tlie  applicaiiiwi  of  ihtgaipitmic  cwTCDi  lo  thcTifKuticB,  a  p«rtofdacir» 

thera  gxitticv 

Gbjwkai.  EucraizATioK  * 

CaMtau,  FARAOTXATgoit.*    iSeneral  electriniian  wtih  ihe  ii.r$,S,\s  citmni 

OliKKAL  nALVANTiATIdti,"     (.IcncniJ  cicctniatinii  witb  Ihe  falirauic  CUrtaUl 

H'UX.     Tlic coil  af  wiret  of  ibe rleetroRutKneDC  appannu 

UtOKi-Eu'ciiUATii-ift.*    11k  (cplii  Httou  uT  (lKa>.it)r  by  aa^a*  of  vaMr  a*  a*  clecDod* 
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litcuMHMa  CVRKKMT.*  An  ipplicnnon  (n  whtdi  the  (trenfili  of  Uw  carrcni  ii  gruiaaSf  wimiMJ 
■iilioui  bnalcinB  <^  currwt,  eUI«d  >lw  mvlli^  twrrt*t. 

Imkiuct  EtacrwiunoM 

Imwcid  [or  laduCtioti.  or  Inductive)  Cvmnzitr.  Ai  niiully  vJiAmxanA.  l\m  citnoni  «ydi  b  bJuBC< 
in  «  cpO  of  witsA  Irani  aaothtr  co3  ihrotish  whidi  lii«  current  piuw,  Currcvt*  n*j,  ha^nw,  %■ 
induoEd  ia  any  BiBUtHit  conduclor  b>Mn  »n]r  utlicr  mcutlic  cdiwIikKn  lK«t  U  mvcncil  by  lb*  ifafr 
trio  cumot,  or  from  pxawful  itiiicncu.  ur  fran  iha  Mj(n«>K  acuoa  ol  ibe  Mnh. 

ttiwOKti  O-iRMMT.    The  cumet  iImi  fpttt  rm  u  an  mduood  cuttMt 

IntiVCDuv 

Itmtcrm  (tee  tnduceit  Curreai)- 

Ihtkkwtv,    Strencth  of  cun«aU  mowoully  UMd  tor  untio*. 

IxiuuiTaK  (or  lioUur).    A  bad  ODMlucnr  efvledndtr. 

ltitK\j>.i KO.     I'UcctI  on  nan-«and«ciiac  Mippcnik  0(  ewaiad  widi  ioidb  aan-MuJiiUii n  MAabaob 

UnuKurtsD  CmuntKT.  HnAcn,  IntermluMl.  The  bntlic oui^H  it  ■minrily  in^mipwd  by  4* 
appitrtm*  thai  {cncmtc*  II    TIm  galvaiuc  cufrent  inftjr  b«  ciibcr  OMltMaMu  «r  laumi^taj, 

DnnA-rOLAib    llctw««n  ihc  pdn 

loMi.    The  (onititiienu  inio  which  the  dectrolyte  i*  deoompoaed 

laaiTAMLn-v.    noLipropany  rfatianlwd  whataaoM  thaiqmwifcwt  lorwpoaJ  IoHmJ. 

tauTA»:urr,  CLKcnta-UtxcuiJUk  The  prapertjr  o(  Rnncular  Rbfc  tb*i  eauwa  ti  lo  ha  cadied  ■ 
morvmant  hy  i)i*  vbourtc  currant  KJacirxaa<culai'  irrkaUKty  nuij  aaiat  iriihoM  rfaGIP»«ivaJar 
emiractinir;  thaiU,  iherauKica  may  qurwr  er  be  apaaoMMliaaDy  eadtad  by  caoiK  nA4  cwna^ 
•van  when  Ihajr  tiil  Iv  ooatracl  uader  n  vary  potmtaX  curnmL 

IxMiTAMurr,  Pbimanv,  KKTXi.vDAMr,  ANnTiaTtANV.    nuiiii  iif  Iniiitiilirj  i\u  an  ntiiMiiil  <!■■ 

a  trance  olgalvaaisatiori 

Laiiu  Cukukkt  (or  appUcatlanl.  Aa  afipUcatioa  ta  wlui:Ii  oac  or  both  of  ihc  dcctiodea  b  ■avi  « 
(luleil  over  Ihe  lurticc 

UnrMM  Jai.    a  Klau  b>ttl«  panlaHf  ewiad  with  bnlbil.  fiir  mnrtimdwit  atadcal  afaaricity. 

Local  EutcnttXATiox.  Appliutiou  ol  deciticiir  lo  wme  p«rt  or  oivuu  u  diuiBguuhed  btm  gat- 
aral  decDiniioii.  ia  wlu  Ji  iha  appltcation  a  nunla  all  over  iba  bodr.  L*tai  u  ptacuca)l)r  lyaay 
Mftua  with  ttaUteJ  elMtriuiida,  although,  liricily  apoakia^  toealieed  iuplica  iKal  tS«  d«Ba 
anvm  ol  cb*  CBrrmt  it  CDiifin«<l  t»  il>«  t'a't  Vt  otiwh  the  ^plicaliai  ii  laada^  ahil*  toad  i^m  mtt 
■MIXaat  any  inch  Mciiitinc.  According  »  thi*  diiliaclioM,  clcctrbatiMi  auy  b«  local  naaM 
bdng  neoetaarily  koiiacd.  For  tha  Mko  ol  uniWmity,  Iha  Icrd  localiacj  has  b««n  ccovally  aA" 
bared  U  ihroughoui  thia  trark,  to  ditunyaiali  all  looil  applicaaon*  of  datricby  (■■  hftmrnt 
KkcDiiatioa]. 

LocAUXKD  EuKTKKATioN  {p  j^r)  (Ma  [asod  EleccrincioiiJ. 

UACuiHa  ((:lectrk  or  lIlccUicAl).  Any  mochaaical  coatrimic*  that  geaataiea  any  Emi*  a4  ataOribWi 
alM  callad  tlrrtrit  mf/nintta,  tnii  airicUy  i*  dot*  OBnipltM  ibaa  avpontoa.  TIhm,  fat  ■■^aifc 
wc  hare  Hulu'i  mjuhiiie  for  tutical  dMiricily ;  Kiddca**  nadiliM  far  iba  galnwc  and  tvaoe 
cinmiu,etc 

llACA-mtM.    The  [Wrerwhirh  certain faodieapoaataaof  auraftMgiiwfc 

MAb.vicniATiDH.     ]%eaciofm*sn«(ijm2, 

MAOniTO-l-^iMrTliiaTV.  The  current  ioduced  by  ■  mafnct,  aa  jadigwagaalO-alacBrieaa  twlw;  ifpaai 
na.     liiioncformor  t)is  bradaccuTrEtit,  of  which  tho doctrO-anapeiic i«  Iba  atbtf 

HAOKBTOMVTsib    Aa  intmiincnt  for  Diwvruif  uNgncbadecfiaaaaa. 

UA<iii8Ta.    Subttaacea  th^it  have  Ihe  pmptrty  ol  aitractint  iMa> 

UaLacutES.    llic  minuM  pinidei  oi  «tii«h  bodies  are  compoaed 

Uvum  PdiHT*.  Tuinu on  the  hody  where  ih«  nervaa  and  aund«  mM»  tcadi)yr«vaad  laalncBb*- 
tiaai  more apaciCcOiaaolocDrkpoin^t.  which i* a gcoeralnn^ and  iadudeaallfimaal  nacwa 

tbe  dec  rric  ciurcM. 
HULTtri.ixi'.     Aa  itiaiTiimcBl  far  Miulti^ylftg  or  iocreaung  a  lurca    aahaal  at  decvicity^    nt  !•*■  I> 

applied  both  n  tbcf <iA4*i»n«/rrr  aad  tKtrm^mitltifHwr 
NauATirs  MopiriCA'TtiiN 
NaaATiTK PoiJL    Where  the curroilpataaa out:  callad ■Laoanw/i/rat  tmlJkrie,    Thccwrmi  ti  U 

ativnctrat  ihenegtiiie  ituuial  the  poii live  pole. 
ItKMTIva  Vawatwk  * 

Nia\ii-MLJKU  CimaaMT 

OnwiMC  CoHTHAcnoM.     CcotractiocEs  ;'ioJuccdat  tbaopcninfoi  tbacamdb 
OlOMt 
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llupnpaty  of  U 


iihij  ■iiiifnt  I 


EhcgMBrtiB»rftht|iui|iliiif. 


I 


I 


AHcaloMdhtlKBlal  MMnfcw. 


hnn^KAi.  ELKrmiATxnc. 
fmnLu  AnAwUKMDrr 
FB»um  AnuuicKairT 

FtATBRm  lar  Ptaiiii*)  {tram  &ptaiA  pbtiaa,  «B*«r). 

PoiJiB.    tCdukf  todiepcfa*. 

PootBtrvorELflCTSKiTV.  THtt  prepwty  al  »l*eptciiy  by  ifckli  p*C*^  jIiiimhii  nfthr  paiwc  mJ 
■thrive ifcaiMbiMd  Ml  omia  peiavCp.  rrX.  Poltiiy e< ■  ■iwb » itytt  oendiuon«f  •  — ii  tf 
wMcfaoocpafl  !"»»»!*J»t.n  -  jmiMii-iyi.n^  itcodicia  n^plinly  electric  «t*M. 

fouLMOAMUt.    8iiw«piili1c  ■<p«toM*aon. 

hN.*K  tlcnwo.  Tlw  meAoS  •'vppliawn  by  wfakb  die  ili*aiKti*«  and  dtlfamwl  kcdsn  of  each  rob  b 
obo>>i«<l,fay  pUcMkg  tnm  i«deoi«riW|Mft  laba  aAtcad  smI  Aa  aih«in««M  wdtifmoM  poMt; 

^OLAntK    TanaunBkan  poteriiyiA 

KcuMTtwo.     Gtnm  poluitjria. 

PoLAKUtMi  CtntHVT.    Tin  ciUT—i  ihii  rroduow  Am  Jicwwie  BMdMoi 

POUl.      Po1bI»  ■here  tattnrtam  i«  cnoomtrlcj.  Or  ■btw  iha  lllilllh  tWIIW  p— W  hkpt  ewt     tin 

>— »  f^titim  Mid  Msatnv  an  nfaavi.  aw  tbMJrtfc  ikmcm  tmk  paMam  variHwkh  iha  ntaa** 

paction  of  (be  dccgpdc*. 
PQUTTVX  MomncATMNi 

Pi»iTTV«  Polk    Wb«rcih«carmt  eMcn.  called  •boa^fV'' /*'"'•■'•*''' 

PxiHAHV  Cimnon-or  iKtwaMC Oncuarr.    'nwcarrcni  that  (aHnifaronKh ibc  nnerciNlel  wmkiB 

htfr  Hkd  that  iadiicct  a  mrmvt  oa  iht  coil  liut  (umKuid*  ii  (p>  6e).    Uaed  cmiaeaaily  aa  aywk^ 

■MM  wilh  tmhtiMtc  M  coulant  cutnnl. 
nwnACTVD  ArrucATiaMi.*    Applicaiiont  thai  are  Made  far  A  Tcry  kac  (iow.    Appbeatiaaa  of  pl> 

Tank  belia,  dUki,  aad  poutlicea  are  ptoavclcd. 
^AUTv  or  A  O.'aacMT,  ai  dUiinfuidad  from  quantity  and  iamalty.  reim  m  in  langiknea*  «  hanfc- 

■etj,  ar  M  IlieiapUtly  « tkraneMorinKirupcioA. 

Kijermic  Riactkw.    TIic  phcwnnetia  dcreloped  hf  any  part  af  Aa  body  mder  ibe  Maaaa  al 

ckcmciiy, 
Rrmtion  tCAI.VJiinc).    fSec  Elcccric  Raaction.  > 
HaOfMOMK.       An  ElcclriHla. 

RaurTAxcc.    I'hc  oppotlie  of  ecnuluciiviiy.  That  pnpeny  of  bodict  itiai  Makaa  Omm  rcalM  or  oppeca 

ibe  pa<uic«  of  [he  <:iirmil 
RaVHUS  CimsKKT    {MeAKenduisCunmO. 
Aaaoawa.    Anin*tnim«n(for  mnmlUDStheflnrtBattoeaefilwannaL 
lUnuaiOToa    <mc  EkconMiiott*  I. 
ItKenTOMR  ifih*  Tiu»*tf,  toeul^    Acurbii  btBaker 

ttHUMTATK 

KoTAar  ilACHisB.  Magniu  abuiie  machioea.  in  whEcb  the  induced  dedricity  ia  pnenied  by  Ova- 
lag  a  oaak. 

SacoHCMav  CviaaatT.  Tic bniJiccinTcni,  called  aJMilte  itltrmfttd,  inAi^td,  imtmlht  tltttr^ 
mxtgnfttf,  /»T4ulk,  etc 

Skkiikidtv,  ELacrao-MuicvLAB.  Tlie peculiar  wib]acttva  itaaatioa  »likk  b  eapetiaceJ by  tbt  cow 
mctiaii  nfa  muide  under  the  electric  eurrail. 

Smooc.  a  tijJ[lmun(ledudi»(cof  otactiidiy,  each  aa  1*  ci*«a  fraaa  Leytbajar,  or  apponlua  (m 
aciticml  electricity. 

Starx,  ELCcreic.  Ilia  ipark  that  attend*  Ihc  dbcharfe  of  dectnciiyoa  tb«  pMMgt  cf  Iha  ourvai 
Iraa  ooe  conductor  lo  another. 

Sriif  AlXoto  CirRKBWT 

SnKAL^^D  MuacLa  CuaKBMT 

frtKAL-CoxD  Kavva  CtnaKNT 

t>riNAL-Como  pLaxua  Cvaaaxr 

SniiAi--CuBU  Root  CuaaKJiT 

STAaLK  Cuaaa^T  («  ■cplintti^jn).  An  appticatbn  b  oUdi  both  dtc»i»dei  an  kept  la  a  fcaad. 
poaitba. 


INDEX. 


Abbkiviatioks  \a  electrotherapcntici,  156 
Acute  dtieascs,  657  -679 
Adeniti*,  74^ 
Addifon's  aitease,  666 

Adjustable  electrode.  319 

Aftethcffecuof  dectiiol  trautMBt,  371 

ACDC,  531 

Koaacea,  53a 
Acne.  666 

Aldiai'*  roearcbes  in  animal  etectiidt/,  91 
Alopecia.  537 
Atcobolism,  chronic.  6S0 
Amalgamation  of  line,  15 
Amannw*.  611 
Amblyopia.  611 
Ameoorrhtca,  559 
Ampere's  ibeory  of  m«gnet»n,  51 
AoEstbesia,  469 

Tactile  sensibility  in,  469 

Farado-sensibiliir  in,  469 

Elect  ro-diagnosU,  470 

Profnoai*.  47' 

Treatment,  470 

Cases  of.  471 
Anjcstbcsia,  cutaneous,  531 
Anxstbesia,  electro-,  no 
AnaeMfaeaia,  hysterical,  m 
AiMtomjr,  elccir  ■physMoskal,  153 
Anatomy,  elect ro-tbereapeaticil,  391 
Anelectrotonos.  theory  cd,  103 
Angioiaata,  716 
AseuriMn,  746 
Aoetirism.  statistici  of,  treued  by  electricity, 

Cases  otj  747 
An^na    ccloria,  645 
Am,  prolapjDS.  595 
Aniinal  electricity,  8t 

Hblorv  of  its  discovery,  90 

Aldini  s  re'earches.  91 

Humboldt's  researches,  91 

Du  Hois-Reymond's  researchef,  91 

Nobili's  researches,  91 

Maiteucci's  rciearchet.  91 

Apparmtu*  (cr  iindying.  94 
Anotmia,  674 

Cases  of,  675 
Appamtus  for  etectro-tbca^ieutics,  joo 
Antoione,  679 
Aphonia,  596 

PruKaosis,  600 

Tre  ilment  of,  6oi 

Cases  of.  601 
A  ppUcalions  of  electricily.  care  in  details.  936 

I'irae  of  day  for,  138 

Time  of,  139 
ApplioiioQs.  frequency  of,  939 

Prolmiged.  341 

Combination  of  methods,  34s 


Annatores,  magnetic,  6 

Artificial  magnet*,  3 

Anbriii*  nodosa.  510 

Artificial  respintioj,  641 

Ascites.  673 

Aspermatism,  388 

Asphyxia,  641 

AMbeuopaa,  £09 

Asthma,  (18 

Astrapohbw,  437 

Ataxia,  locomotor,  496 

Atrophy,  proereMive  mmctilar,  jan 
Cases  of,  501 

Auditory  nerve,  galvaniwtion  of,  139 
Reaction  of.  6t8 
Normal  formalaol,  131 
Change*  of  reaction  in,  618 
Hypermttbesia  of,  618 
Anzsthcaia  of,  6*9 

Bactxbia,  Bctioa  of  electricity  on,  194 
Baths,  electric,  406 
Balbs,  electn>«bemic«l,  76B 
Batteries,  galvanic,  p 

Wo'Uiton's,  fi 

Oaniell's,  ix 

Grove't  33 

Bunsen  s,  34 

Thermo-electric.  63 

Fanner's  tbermo-etectric,  64 

Cabinet,  317 

European,  333 

Marine,  ^ 

Callan's  iron-xjnc,  38 

Ca*,ji 

Pnlaniatioi  in,   30 

Double-cell  coosiaat,  31 

Bnnsen'i  bichromate  35 

Walker's  single-cell,  a 

Smee's,  36 

Leclancbi's,  37 

Water,  39 
Bed -tores.  756 
Belts  and  chains,  467 

Pulvermacber  s,  467 

Cal.anic,  467 
Benign  lumors.  716 
Bioscopy.  electm-.  118 
Bipolar  faradization.  41* 
Bladder,  due  scs  of.  591 

Paralysis  of.  563 
Dts.«o!utlon  of  calculi,  763 

Blepharosopasm.  611 

Riood.  action  of  electricity  on,  164     * 

Rrancb  currents,  39 

Britiht's  disease,  £73 

Boils.  750 

Bias*  ball,  3*8 
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^^^^^B             Bmin,  Mtioo  of  tlK4rkity  on.  iia 
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^^^^^H               CcDtnil  lalvtnLMtMn.  iBi 
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^^^^^^^^^F               And                 UriuIiMUiA,  389 
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Diplesic  contraciwcta,  rt;                                       ^^^B 

^^^^^H               CephalalKu,  451 
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^^^^^H               Cerebral  cungutioB.  441 
^^^^^H               Orcbro-tpiaia  (ever,  657 
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Dote    t  eirctnciijr,  9(7                                            ^^^| 
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^^^^^^L                                         571 
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^^^^^H                        Trvflimcni       J71 
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Multiple-element  battery,  Byrne  s,  70a 
Muscle,  electroionos  of.  103 
Muscular  atrophy,  progressive,  500 
Muscular  con  tract  ions,  s"9 
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Keflex  efforis  of  etectricily,  iSS 
Resistance,  Si 

Effects  of  temperature  on,  Sj 
Kectum,  diseases  of,  595 
Reflex  neuralf^,  4(16 

Paralysis,  494 
RrgUTKitslinn,  jiS 

Kesusci  tat  Ilia  of  newborn  children,  643 
KcspiTatian,  anifidal.  641 

Ketina,  ophthalmoscopic  cxamiiutions  of,  dur- 
ing s^'vaniiatioD  of  syinpathecic,  114 
Kheustai  of  Mayer  an.)  WoiS,  333 

Hydro-,  313 
Rheoiomr,  56 
Kheumdiic  paralysis,  474 

liout.  510 
1  Teat  me  nt,  510 
Rhcummism,  505 
Khei>!itat,  4a 
Rhinitis.  673 
RinKWorm.  535 
Kolation.  matfaetUm  of,  dt 
Rosacea,  acne,  533 
Ruhmkorfl's  coil,  j8 
Rubber  covers  (or  conducting  wires,  333 


Sciatica,  cases  ol,  463 

Scirrhus,  7  jj 

Sclerosii,  spinal,  496 

SeBaii:kiicis.  54') 

Secondary  and  primacy  coib,  diftereBtial  action 

of,  144 
Sclerode'ma.  53; 

Sensory  nerves,  action  of  electricity  on,  141 
Seminal  emissions,  5S4 
Sensibility,  electro- muscular,  14S,  aSo 
Sequelsc  ol  acute  diseases.  679 

i.  erebro-ipinal  meningitis,  GSi 

Diphtheria,  670 

'I'ypho- mala  rial  fever,  661 

Sunstroke.  684 
Shaking  palsy.  516 
Shape  nl  majincts.  d 

Shortening  of  muscles  during  a  contraction,  14G 
Siemen's  rhe^istnt,  313 
Single-coil  and  separate-<:oil  faradic  machines, 

301 
Sick  headache,  4;; 

Case  of,  4^5 
Singullu*.  S20 
Sinuses.  75A 
Skin,  disi^ascs  of,  514 

Treatment  of,  535 

Ec2ema.  537 

Prurigo.  330 

L  chen,  5^1 

Anxsthcsia,  531 

Acne,  531 

Kosai-'ea.  533 

Psuriasi*.  J31 

Pityria*i%  533 

Herpes.  511 

RinKwijrm,  53; 

Sclecodt-rma,  533 

Chromatogenuus  diseases,  536 

l^iitodcrmH.  535 

Melan'xlernka.  5)6 

Klephan[idM>,  536 

Aiopi-cia.  537 
Smee's  bittery,  3(1 
Solenoids,  51 
Spark,  ctci.tric,  14 
Sp.ismndic  stricture.  754 
Sp.ismt  of  the  eyelid,  611 

facial.  J19 
Spasmus  gtotlidis,  603 
Spasmodic  diseases,  1,11 


Spermatorrhtea,  5S4 
Sphincter,  paraljrsis  of ,  595 
Sphyrongraph,  expcrimcnis  with,  135 
Spinal  conjf  cstion,  443 

C  ase  of,  444 

Curd,  direct  electrization  (if,  114 

Current.  346 

Root-current,  346 

Cord,  plexus  current,  346 

Nerve  current,  34G 

Muscle  current,  346 

Curvature,  763 
Spinnl  irritation.  430 

Differential  diagnosis,  430 

Pathology.  431 

I'reatment,  431 

Prognosis,  433 

Case  of.  433 
Spinal  Klerosic  paralysis,  496 
Spine,  gah-aniiaiion  of,  344 
Spondylitis,  763 
Sprains,  761 
Stammering,  ui 
Sialic  induced  currenl.  4114 
Statical  electricity,  8, 39s 

Induction,  10 

Era  of,  199 

Use  of.  395 
S  enosis  of  the  uterine  canal,  567 
Sldhrer,  apparatus  of.  3m 
Sttilirer's  zinc-carbon  battery,  334 
Stomach,  action  of  electricity  on,  15S 
Strabismus.  613 
Strain,  7A1 
Stricture  of  the  uretbi*,  751 

Cases  of,  751 

(|f  the  osophagus,  755 

Spasmodic.  754 
Stumps  after  amputation.  Tjq 
Subinvolution  of  the  uterus.  567 
Suggestions  in  regard  to  the  therapeutical  uses 

of  electricity,  016 
Su peri n volution  of  the  uterus.  567 
Sympathetic,  action  of  electricity  on  cranial  por- 
tion of,  118 

Nerve,  action  of  electricity  on,  116 

Galvanization  of.  341 

Action  nf  electricity  im  the  cephalic,  thor* 
acic  and  abdominal  ganglia  or,  119 
Sunstroke,  ^62 
Suppression  of  urine,  669 
Surgery,  eUctro,  6Sj 

History  of ,  C83 
Synovitis,  75'j 

Case  01,  763 
Syphilia,  594 


Tali  PBS,  7G3 

Temperature  of  electrode*  and  operating-room, 

Increase  of,  after  electrization,  i4'> 
Tension  of  the  electric  current,  68 
Tetanus,  S30 
1  liermo- electricity,  6j 

Kleclric  battenes,  63 
Thomas,  on  extra-uterine  pregnancy,  631 
Thomwin's  quadrant  electrometer,  16 
I'hroat,  applications  to,  in  general  faradization, 

1  ic  douloureux,  4^6 
I'tnnilus  aurium,  633 

Galvanization  of  tympatbetic  iu,  tr^tj 
Tonics,  definition  of,  31S 
Tonic  ejects  of  electricity,  ai8 

In  gene  al  faradization,  373 
Toothache,  676 
'1  orticollia,  514 
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Torticollis,  diagnoAia  of,  514 

Eke  trie  cxamiTutioa  of,  jij 

Treatment  of,  515 

Prognosii,  515 

Caies  >  (,  51  j 
Trowbridge,  expenmenti  of,  95 
Trocar,  iJuchenne'a,  578 

Noeggerath'a,  57B 
Tichirieir  on  cutaoeoui  excilability,  in 
Tuberculaquadrisemina,  direct  electrufttioii  of, 

134 
Tumora,  removal  o(,  hy  galvano-canterr,  708 

Non-ma  lijinaat,  71G 

Erectile,  716 

Mali^DBDt,  739 

Cyslic,  713 

Fatty,  731 

Ovarian,  7it 
Typho- malarial  icTCr,  lequeUB  of,  fi6i 


Ulckrs,  756 

Unit,  65 

Uapolarizablc  electrodei,  33a 

Unuoiled  fracture,  761 

Urethra,  (tricturcs  of,  751 

Ca^et  of,  751 

Hyperxstbeiia  of,  586 
Urethriin,  chronic,  503 
Uriae,  iocontioeace  of,  591 

Suppresiion  of,  66g 
Uterine  electrode,  551 
Uterui,  (aradiution  of.  550 

Disease*  of.  pn»no«is  in,  549 

Eolargemenu  of,  567 


Uteroa,  anteflexioa  of,  s68 
Retroflexion  of,  569 
Ampuution  of  Deck  of,  by  g»lwm,-ao^:ma 

tery,  71 i 
Congettion  of,  565 
Displacement  ot,  551 
Atrophy  of,  567 
Fibroids  of,  718 

Vaoinal  electrode,  555 

Varicose  reins,  746 

Veins,  varicose,  746 

Vitreous  humor,  opacities  of,  6ia 

Viscera,  abdominal,  localitcd  electriaation  of, 

S40 
Volta  constructs  the  voltaic  pile,  30 
Volta's  researches,  43 
Voltaic  pile,  30 

Voluntary  muscles,  action  of  elecincity  on,  141 
Vomiting,  548-S7T 
Voltmeter,  40 

Wauckk's  single-cell  linc-carboo  battery,  35 

Wans,  763 

Water  rheostat,  333 

Wesley,  Mr.,  301 

Wires,  conducting,  rubber  cover  for,  333 

Whooping-cough,  577 

Woltaiton'i  battery,  38 

Women,  ditcasesof,  jji 

Writer's  cramp,  512 

Wry  neck,  514 

ZUiCS,  how  to  amalgsiMie,  atf 


